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ABSTRACT 

Our work focuses on the understanding of the origin of CNO-anomalies, which have been detected in several Galactic globular 
clusters. The novelty and advantage of this study is that it is based on a homogeneous data set of hundreds of medium resolution 
spectra of stars in eight Galactic globular clusters (M 15, M22, M55, NGC288, NGC362, NGC5286, Palomar 12 and Terzan7). 
Two of the clusters (Palomar 12 and Terzan7) are believed to be former members of the Sagittarius dwarf spheroidal (Sgr dSph) 
galaxy. The large homogeneous data set allows for a detailed dilferential study of the line strengths in the stellar spectra of the 
observed clusters. Our sample comprises stars in different evolutionary states, namely the main-sequence turn-off (MSTO) region, the 
subgiant branch (SGB) and the base of the red giant branch (RGB). We compare the relative CN and CH line strengths of stars in the 
same evolutionary states (with similar log g and T^g). The majority of the examined clusters show significant variations in their CN 
and CH abundances at the base of the RGB. We confirm the presence of a bimodal distribution in CN for the second parameter pair 
of the clusters (NGC 288 and NGC 362). The two probable former Sgr dSph clusters do not exhibit any CN-strong stars. Overall, our 
results suggest that the environment in which the clusters formed is responsible for the existence of CN-strong stars. We can confirm 
the known anticorrelation between CN and CH for most of the observed clusters. Although the signal of CN absorption is weaker for 
the hotter stars on the MSTO and SGB we observed the same anticorrelation in these less evolved stars for the CN-bimodal clusters. 
Including structural parameters taken from literature reveals that the existence of the CN-bifurcation seems to be independent from 
most other cluster characteristics. In particular, we do not confirm the correlation between cluster ellipticity and number of CN-strong 
stars. However, there may be a trend of an increased percentage of CN-strong stars with increasing cluster tidal radius and total 
luminosity. We argue that our findings are consistent with pollution by intermediate AGB stars and/or fast rotating massive stars and 
two generations of star formation in luminous clusters with larger tidal radii at larger Galactocentric distances. 
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1. Introduction 

Among the about 150 known Galactic globular clusters (GC) 
there exist several clusters that show star-to-star abundance 
variations for cer tain chemical elements (see review from 
iGratton et al.ll2004i) . These variations are ubiquitous particularly 
for light elements such as C and N and are seen mainly for stars 
on the red giant branch (RGB). Stars with significantly stronger 
cyanogen (CN) bands as compared to other st ars in the same 
cluster h ave been detec ted as early as 1971 bv lOsbornI in M5 
and MIO (IOsbornll97lh . The existence of such stars in these and 
many other clusters has been confirmed repeatedly (e.g., Cohen 
ll978HSmith & Norrislll982ill983HBrilev et al.ll l989). However, 
the fraction of red gi ants showing enriched CN bands differs 
from cluster to cluster (lNorrislll987h . 

Over the last three decades spectroscopic studies of the CN 
and CH absorption bands often revealed a bimodality in CN that 
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is accompanied by a broadened distribution in CH. For the ma- 
jority of the CN-bimodal clusters (e.g., M2, M3, M5, M 13, 
47Tuc) a CN-CH anticorrelation was detected (e.g.. lSmith et al.l 
HP). Since CN is a double-metal molecule, it can be more 
easily observed in stars with a higher metallicity. Nevertheless, 
the CN-CH anticorrelation seems to be present also in the very 
metal-poor cluster M15 whe re no clear bimodality of CN could 
be detected so far (lLeell2000h . 

Although this topic has been studied extensively in the last 
decades no self-consistent model has been found to satisfactorily 
explain the observed chemical variations. Two main scenarios 
are discussed as possible origins of these abundance patterns: 

1) The 'evolutionary mixing' scenario: In this scenario the 
chemical composition in the surfaces of the stars is altered 
due to deep mixing eff'ects. Material from the stellar interior is 
dredged-up through regions of active CNO element nucleosyn- 
thesis to the upper layers of H-burning. During the H-burning 
phase via the CNO-cycle N is enriched at the cost of C and O. 
One would therefore expect a CN-CH anticorrelation if CNO- 
processed material is dredged up to the stellar surface. The so- 
called first dredge-up, however, is not able to explain the ob- 
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Table 1. Log of observations 
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Date 


Target 


RA; DEC (J2000) 


Exp.time 


May 2002 


M55 MSTO 


294.99564 


-30.88307 


1800 s 




M55 SGB 


294.99646 


-30.88368 


2160 s 




M55 RGB 


294.99559 


-30.88235 


480 s 


July 2004 


NGC 288 MSTO 


13.23313 


-26.57845 


5140 s 




NGC 288 SGB 


13.23630 


-26.57807 


2700 s 




NGC 362 MSTO 


15.67363 


-70.84870 


5400 s 




NGC 362 SGB 


15.67209 


-70.84886 


2800 s 




NGC 5286 SGB 


206.54375 


-51.37364 


2700 s 




M22 MS 


279.04539 


-23.90313 


5400 s 




M 22 SGB 


279.04539 


-23.90311 


3000 s 




Ter7 SGB 


289.43484 


-34.65680 


5400 s 




Ter7RGB 


289.43488 


-34.65773 


4500 s 




M 15 SGB 


322.54426 


12.16722 


2400 s 




Pal 12 RGB 


326.66087 


-21.25134 


2400 s 



served abundance patterns of light elements in RGB stars, espe- 
cially for metal-poor stars that do not possess deep enough con- 
ve ctive envelopes acc ording to standard models (see references 
in lGratton et al ■1120041) . An additional mixing episode is needed 
to explain th ose patterns. This can either be r otation-induced 
mixing ("e.g.. ISweigart & Mengell 11979 1: ICharbonnel 19 91) or 
so-ca lled 'canonical extra-mixing' (Denissenkov & VandenBerg 
12003 ). These mechanisms naturally explain the [C/Fe]-[N/Fe] 
anticorrelation observed in RGB stars, however will not work for 
stars below t he RG B bump due the increased molecular weight 
barrier (e.g.,|lben|^1968). Based on low resolution spectroscopy, 
various studies showed that the CN-band strength is a good indi- 
cator for the [N/F e] abundances whereas CH traces [C/Fe] (e.g., 
ISmithet al.lll996l) . As a consequence, the CN bimodality and 
the CN-CH anticorrelation observed on the upper RGB stars of 
many clusters are often interpreted as a result of deep mixing 
that takes place in certain stars while not in other stars. 

2) The 'primordial' and 'self-enrichment' scenarios: In 
both cases the abundance variations are not due to inter- 
nal stellar evolutionary effects. The 'primordial' scenario as- 
sumes that there exists a primordial floor of abundance 

variations' jGratton et al.l |2004|) that was in place when the 
star cluster formed (i.e., an inhomogeneously mixed molec- 
ular cloud). In the 'self-enrichment' scenario the abundance 
variations are caused by successive generations of stars that 
formed within the same star cluster. Theoretical nucleosyn- 
thesis models show that the observed abundance mix can 
be provided either by intermediate-mass (4 -5 Mp) asymp- 
totic giant branch (AGB) stars (e.g.,[C ottrell & Da Costalll98II: 
IVentura et aI.ll200ll : lDenissenkov & H erwig 200?), or by fast ro- 
tating massive (20-12 Mp) stars (e.g., Mae der & Mevnet 2006; 
iDecressin et alj|2b07h . Both types of objects expel their ejecta 
via slow stellar winds, which is important in order to not sweep 
out the gas from which the second generation shall be formed. 
There are mainly two ways how the enriched stars got to their 
peculiar abundance pattern: either, the AGB ejecta mixed well 
with the intracluster medium o ut of which the second ge nera- 
tion formed within the cluster (I CottreU & Da Costairi98 1'). Or, 
the AGB ejecta polluted the surfaces of a certain fraction of 
already existing stars with well-develop ed radiative cores (e.g., 
iD'Antona et al Jl983l:lThouI et al.l2062l) . The pollution scenario, 
however, has difficulties to explain the sharp bimodality of CN 
abundances and the similarity of abundance patterns of evolved 
as well as unevolved stars. 

Lately, the evolutionary mixing scenario has been more and 
more challenged as correlations/anticorrelations among these el- 



ements and the range of variations of each element appear to 
be independent of stellar evolutionary states (with exception 
of enhanced depleti on of C and O seen on the RGB) (e.g., 
iHarbeck et al.l2003ah . Recent spectroscopic studies near and be- 
low the main sequence turn-off (MSTO) in the GCs M 7 1 , 47 Tuc 
and NGC 6752 showed that abundance variations are akeady 
present among stars that are expected to be unaffected from deep 
mixi ng mechanis ms (e.g., Cohen 1999: Harbecketal. 2003^ 
Bri lev et alj|2004l) . This suggests that at least some of the abun- 
dance variations observed in evolved stars were present before 
the stars reached the RGB, i.e. mixing can not be the only driv- 
ing mechanism of the observed abundance variations. 

The 'self-enrichment' scenario also is strengthened by 
the recent findings of multiple subgiant branches (SGB) and 
main sequences (MS) in several massive GCs ( iBedin et"al] 
2004: Piotto et al. 2007), which require stellar populations with 
distinct abundance patterns (and ages) within the clusters. 
Interestingly, the multiple SGBs and MSs can best be explained 
by a large helium enhancement in the s econd/third subpopu- 
lation of a cluster ( ID'Antona et alj|2005h . which is consistent 
with the expected abundances of ejecta from intermediate-mass 
AGB stars (e.g., ID'Antona etall |2002|) . Actually, these AGB 
stars need not ha ve been members of the same star cluster 
iBekki et al] (l2007l) recently suggested that massive GCs might 
have formed in low mass dwarfs embedded in a dark matter 
halo. In this scenario, the second/third generation of stars then 
was created out of ejecta from the external 'field' AGB stars. 
Since products of H burning are realeased by fast rotating mas- 
sive stars in slow winds, also this class of stars may provide 
the He-enhancement required to explain multiple sequences ob- 
served in globular clusters. 

Coming back t o the overall CNO abundances, the work by 
ISmidi etall d 19961) has shown that the total [(C -H N -h 0)/Fe] 
for giants in the globular clusters M 3 and M 13 is the same for 
both CN-strong and CN-weak stars, which would be expected 
from deep mixing, dredging up CNO processed material to the 
stellar surfaces. Thus although mixing effects are not existent 
in unevolved stars they seem to play a role for red giants when 
studying the CN and CH bands. The challenge is to disentangle 
the primordial contribution to the C,N abundances from the one 
resulting from normal evolutionary changes. On the one hand, 
some basic evolution of low mass population I I stars is clearly a 
common feature in both field and cluster stars. ! Smith & MarteUl 
(2003) showed that halo field giants and globular cluster giants 
share the same pattern of declining C as a function of increasing 
magnitude. The same two mixing mechanisms (first dredge-up 
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Fig. 1. Typical spectrum of a RGB (top panel), a SGB (middle panel), and a MS (bottom panel) star in the globular cluster NGC 288. 
The regions of the measured indices are marked by darker lines. Furthermore the positions of the prominent Call H and K and 
Hydrogen hnes ai^e indicated in the top panel. 



and a second mixing episode after the RGB -bump) are acting 
in all population 11 giants. On the other hand, field stars behave 
very differently from cluster stars as far as "heavier" lig ht ele 
ments (namely O, Na) are concerned (iGratton " 



leavier iig nt 
etaPIIOOol) . 



If the environment in which a cluster formed (e.g., in the 
disk of a galaxy vs. the center of a dark matter substructure) de- 
fines the enrichment history of a cluster, the observed abundance 
patters would provide an indication of the origin of the clus- 
ter. In his groundbreaking work Zinn proposed that the Ga lactic 
globular clu ster system consists of various sub-systems (IZinnI 
ll98lfT993h : bulge/disk (BD), old halo (OH), young halo (YH) 
globular clusters. He furthermore suggested that most YH clus- 
ters might have been accreted from satellite galaxies. However, 
the Milky Way companions have been found to show, on aver- 
age, systematically lower [g/Fe] ratios than Galactic halo stars 
and globula r clust ers (e.g..lShetrone et al.ll200ll: lFulbrightl2002t 
iPritzl et al.ll200l ISbordone et al.ll2007^ . Hence the present-day 
dwarfs do not seem to have contributed in a significant way to 
the build-up of the Galactic halo and to the YH clusters. 

The aim of this work is to gain further insight into the mech- 
anism responsible for the strong CN enhancement in some stars. 
We therefore concentrate on regions in the color magnitude dia- 
grams (CMDs) where stars are believed to be unaffected by mix- 
ing effects, i.e. stars on the MS, MSTO, SGB, and lower RGB. 
In particular, we investigate whether there is a dependence of 
the CN enhancement on the overall globular cluster properties 
and/or the sub-class they are belonging to. We investigate if CN- 
CH variations are different in genuine halo clusters as compared 
to possibly accreted globular clusters. 

This article is structured as follows. Section |2] describes our 
data and their reduction. Section[3]explains the measurements of 
the CN and CH band strength and the definition of the cyanogen 
excess parameter. Sections |4] and |5] present the investigation 



of the CN/CH anticorrelation and the search for correlations 
between other cluster properties and the number ratio of CN- 
strong/CN-weak stars. The final section |6] gives our summary 
and conclusions. 



2. Observations and data reduction 

The spectroscopic data were obtained in May 2002 and July 
2004 at the VLT/UT4 at ESO/Paranal (Chile) with the multi- 
slit spectroscopy instrument FORS2/MXU. FORS2 provides a 
field of view of 6f8 x 6.'8. The observations of M55 were 
obtained in 2002 and we re also used for calibration pur- 
poses in a stu dy of CLiCen jHilker et al J 120041 : IWillemsen et al.l 
2005; Kayser etal]|2006l) . The observations obtained in 2004 
were dedicated to CN and CH measurements in seven fur- 
ther Galactic globular clusters (M 15, M22, M55, NGC 288, 
NGC 362, NGC 5286, Palomarl2, and Terzan?) spanning a 
large range in metallicity (-2.26 <[Fe/H]< -0.58 dex). Two 
of the clusters (Palomar 12 and Terzan?) are suggested to have 
originat ed from the Sagittar i us dwarf spheroidal (Sgr dSph) 
galaxy ( Bellazzini et al.ll2003l; [Sbordone et al.ll2005l) . 

For both observing runs, the candidate stars for the spec- 
troscopy were selected from pre-images in Johnson B and V. 
We selected target stars from the upper MS, the SGB, and the 
lower RGB in the cluster CMDs. On the RGB we focused on 
stars fainter than the RGB bump, the point where deep mixing is 
believed to set in (Sweigart & Mengel 1979; Charbonnel 1995). 

We chose the grating with the ESO denotation 6601-1-25 (sec- 
ond order) with a dispersion of 0.58 A pix ' . The spectral region 
covers ~ 3700 to 5800 A including the CN band at 3885 A and 
the G-band at 4300 A. The final actual wavelength coverage de- 
pends on the location of the star/slit on the mask with respect 



4 



A. Kayser et al.: CN and CH line strengths in MW GCs 




(B-V) [mag] (B-V) [mag] 



Fig. 2. The color magnitude diagrams for the globular clusters in our sample. Those stars for which line strength measurements are 
available are marked in color. We distinguish between stars of different evolutionary states. MS stars are indicated by blue squares, 
SGB stars by green triangles, and RGB stars by red circles. CN-weak and CN-strong stars are denoted by open and filled symbols, 
respectively. Note that in all diagrams the calibrated pre-image B and V magnitudes are shown. Our sample comprises clusters 
spanning a large range in metallicity (-2.26 <[Fe/H]< -0.58 dex). The clusters Palomar 12 and Terzan? are believed to be part of 
the Sgr dSph, which is currently being disrupted by its tidal interaction with the Milky Way. 
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to the dispersion direction. Typically we defined one slit mask 
per region of the CMD per cluster, containing ~50-70 slits. We 
selected slit lengths of 4-8 " to make local sky subtraction possi- 
ble. The slit width was fixed to I'.'O. The total exposure time per 
mask varied between 360 and 5400 s depending on the cluster 
and the brightness of the target stars. To facilitate cosmic ray re- 
moval the observations were split into multiple (2-3) exposures. 
The central coordinates of the observed fields as well as the to- 
tal exposure times are listed in Table[T] In addition to the science 
exposures, we obtained bias, flatfield and wavelength calibration 
observations. 

The photometric data are based on the pre-image observa- 
tions of the target fields in the B and V band, taken several 
months prior to the spectroscopic observations with FORS2 at 
the VLT/UT4. The identification and psf-photometry was per- 
formed on the pipeline reduced images (provided by ESO) us- 
ing the the IRAF package DAOPHOT. B and V magnitudes were 
matched to create the CMDs. For this work, a precise photomet- 
ric calibration is not necessary since we are mainly interested 
in a comparative study of stars in different evolutionary states, 
which can easily be identified in the CMDs. A rough calibration 
was done by adjusting the zeropoints such that the MSTO (B-V) 
colors and V magnitudes taken from the literature were matched 
(see Table |2]l. 

Based on the location in the CMDs we assigned stars to the 
MS, SGB, and RGB. Figure |2] shows the CMDs for all clus- 
ters in our sample. The stars with available spectra are symbol- 
coded according to their position in the CMD. Only those stars 
are shown that were identified as radial velocity members and 
that passed our quality check of the spectra. For the two Sgr 
clusters Ter7 and Pal 12 some stars near the RGB bump have 
been observed. These stars are included in the Figures |2] [3] and 
|4]but neglected in the further analysis. 

The data reduction was carried out using standard routines 
within IRAlQ. This included bias correction and flatfielding. 
The cleaning for cosmic rays was done with bclean from the 
STARLINK package. Before sky subtraction was performed the 
spectra from the individual exposures were stacked to improve 
the signal-to-noise ratio. In most cases, object and sky could be 
extracted from the same slit. The wavelength calibration was 
achieved using the emission spectra of the He-Ne-Hg-Cd arc 
lamps taken after each set of observations. Note that the final 
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spectra were neither flux-calibrated nor normaUzed by the con- 
tinuum. All spectra were binned to a spectral scale of 1 Apix"'. 
Considering the seeing the final spectral resolution (FWHM) for 
narrow lines is ~ 2 A. Typical spectra of a RGB, a SGB and a 
MS stars in NGC 288 are shown in Fig.[T] 

For all spectra we measured radial velocities by cross- 
correlating them with five high quality template spectra taken 
from the wCen dataset using IRAF/fxcor. We adopted the 
mean value of the five measurements as the radial velocity of 
the star and corrected for the measured Doppler shift. The scat- 
ter of the velocity measurements is of the order of 20 km/s, 
which reflects the uncertainties given by the spectral resolution. 
In the resulting velocity distributions the globular clusters clearly 
stand out against the Galactic foreground. Possible non cluster 
member stars were identified by their radial velocities and re- 
jected from the further analysis. In a final step, we examined 
each spectrum individually and rejected those spectra with bad 
quality (e.g., due to tracing errors). In total about 500 spectra 
are suitable for our analysis, whereof 120 spectra are from lower 
RGB stars. 

Note that NGC 5286 and M22 have quite a high foreground 
extinction, and probably differential reddening is broadening the 
giant branches (e.g. Richter et al. 1999). Most of the radial ve- 
locity members of NGC 5286 lie on the red side of the RGB 
sequence which might reflect their biased location west of the 
cluster centre (pointing of the spectroscopic mask). 

In the Appendix, magnitude limited samples of cluster 
member stars that were used for our analyses are presented 
(Table IATTT i. Only the brightest five stars of each cluster are con- 
tained in this table. The full table of all cluster stars only is avail- 
able in the online version of the article. 



3. CN and CH band strengths 

For all spectra, we measured Une indices covering the absorption 
features of the CN and CH molecules. For the CN and CH band 
strengths, we used the modified S3839 and CH4300 indices as 
defined bv lHarbeck et al.1 (l2003al) : 



S3839 (CN) = -2.5 log 



CH4300 = -2.5 log 



^3861-3884 
F3894-3910 



F428, 



5-4315 



0.5F4240-4280 + O.5F4390-. 



(1) 



(2) 



4460 



where F^i are the fluxes in the different bandpass regions. Our er- 
ror estimates assume Poisson statistics in the flux measurements. 



Table 2. Reddening, distance modulus and photometric param- 
eters of the MSTO for our sample GCs 



Cluster 


F" 


(m - M)« 


Vmsto 


(B - V)msto 


NGC 288 


0.03 


14.83 


18.90* 


0.46" 


NGC 362 


0.05 


14.81 


similar to NGC 288^^ 


NGC 5286 


0.24 


15.95 


20.05'' 


0.73'' 


M22 


0.34 


13.60 


17.70'' 


0.75" 


Ter7 


0.07 


17.05 


20.96^ 


0.52^ 


M55 


0.08 


13.87 


17.89« 


0.5W 


M15 


0.10 


15.37 


0.50'" 


19.40'' 


Pall2 


0.02 


16.47 


-20.5' 


0.452' 



i HarrisI jl996l) 'iA lcaino et al. (1997) 'Bellazzini et al. (2001) 
' Samus et alJ lll995ai) '.Samus et al.. ^1995h) _ ' Buonanno et al H995,) 
' AlcainoetalJ ( ll992h iDurrell & HarrisI ( Il993h IStetson et alTi 1989h 



3.1. CN band Strength 

In order to investigate the behavior of the strengths of the CN 
index as a function of evolutionary state (or stellar mass) we 
plotted CN against the absolute V magnitude. My, for all clusters 
(F igurel^. We a dopted the distance moduli and extinction values 
of lHmisl([T996h . 

Looking at the whole sample of stars a wide spread in CN 
and a continuous increase of CN with decreasing My can be 
seen in the upper panel of this figure. This is caused by the fact 
that the formation of molecules in stellar atmospheres strongly 
depends on the effective temperature, T^ff, and the surface grav- 
ity, log g of the stars. The efficiency of CN formation is higher 
in stars with lower Tetf and lower log g. To further illustrate 
this effect we subdivided our sample into MS (log g~ 4.5, 
Teff ~ 6000 K), SGB (log g~4.5-3, Teff -5000-6000 K), and 
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Fig. 4. The distribution of the stars in the CN vs. CH diagram 
for the RGB star in our sample clusters. The stars of different 
clusters are indicated by different colors as listed in Fig [3] The 
left panel illustrates the overall distribution of our sample stars, 
with a typical error given in the lower right corner The solid 
line indicated a possible differentiation between CN-strong and 
CN-weak stars in this diagram, drawn by eye. In right panel we 
calculated the mean CN and CH of both, the CN-sti'ong and CN- 
weak stars. The original overall distribution is plotted in grey, 
while the mean values are color-coded as defined before. 



Fig. 3. The distribution of the stars of the different clusters in the 
CN vs. My diagram. The left upper panel illustrates the overall 
distribution of our sample stars. In the lower panel we distin- 
guished between different evolutionary states of the stars. The 
color coding of the data points corresponds to stars from the dif- 
ferent clusters as indicated in the figure legend in the upper right. 
Whereas for the MS all clusters show roughly the same distribu- 
tion, for the RGB the distribution shows a large scatter. For the 
clusters NGC 288 and NGC 362 a bimodal distribution in CN 
band strength is visible. In the lower left corner of the bottom 
panels the median errors of the measurements are shown. 



RGB stars (log g~ 3, T^g- 5000 K). The different distributions 
for the different evolutionary states are shown in the lower pan- 
els. One can clearly see that the line strengths of CN on average 
increase as stars evolve from the MS to the RGB. This can be 
understood by the augmented formation of molecules in cooler 
atmospheres. 

Looking at the globular clusters individually one recognizes 
that they show very different behaviors in the My vs. CN di- 
agram. Whereas for the MS and the SGB all clusters show 
roughly the same pattern, the distributions on the RGB devi- 
ate between the clusters. For some clusters like e.g., NGC 288 
and NGC 362, we clearly see a bifurcation in CN band strengths 
as we reach the RGB. Either part of the bifurcation contains 
roughly equal numbers of stars. This is worth to keep in mind 
as the two clusters are a so called "second-parameter pair": both 
clusters have similar metallicities but show a very distinct hori- 
zontal branch morphology. In NGC 288, most of the core helium 
burning stars can be found on the blue horizontal branch whereas 
almost no stars are located on the red part. Exactly the opposite 
is the case for NGC 362. For this cluster the red part of the hori- 
zontal branch is densely populated. Some authors proposed that 
deep mixing and the consequently increased mass loss could be 
an explanation for the different horizontal branch m orphologies 
as well as the observed abundance anomalies (e.g.. I Weiss et al.l 
[2000). For other second parameter pairs like e.g., M 3 and M 13, 
which also show differences in light abundance elements this 
might be a possible explanation for the observed patterns. Both 



clusters have similar ages and metallicities. However, the RGB 
in M 3 is dominated by CN-weak stars, where as the rnaiority of 
stars in M 13 ai-e found to be CN-strong (e.g.. lSuntzefflll98ll) . 

Nevertheless, the fact that we do not observe significant 
differences in the CN distributions indicates that deep mixing 
cannot be a major cause of the horizontal branch morphology. 
Similarly, based on the CN and CH measureme nts of stars in 
the seco nd parameter globular cluster NGC 7006. lHarbeck et all 
(I2003bh argued against the hypothesis that CN-variations are di- 
rectly correlated with the second parameter effect. They found 
the scatter in CN to be similar to those in other GCs of the same 
metallicity but different horizontal branch ratios. 

In contrast to NGC 288 and NGC 362, the clusters Ter 7, 
Pal 12, and M55 seem to exhibit no or only very few stars with 
strong CN band strengths. In the clusters NGC 5286, M22, and 
M 15, stars can be found on both the CN-weak and the CN- 
strong regime in this diagram. For M 15 and M22, the major- 
ity of the stars are associated with the CN-weak group. For 
NGC 5286, we have only six measurements. Four of these stars 
are found to be CN-strong and two CN-weak. 

We cannot assess whether similar abundance variations on 
the SGB and the MS region are not present or can not be de- 
tected due to a too weak signal caused by the higher effective 
temperatures of these stars. The observed scatter in the CN mea- 
surements of MS and SGB stars (rms ~ 0.13 and 0.14, respec- 
tively) is found to be of the same order as the errors in the index 
measurements (0.17 and 0.13, respectively). 

CN as a double-metal molecule is easier to observe in more 
metal-rich clusters due to the stronger equivalent widths at 
higher metallicities. Our work as well as former studies on the 
RGB show that whatever process is responsible for the forma- 
tion of the CN-strong stars, it seems to occur in the majority 
of Galactic globular clusters. In contrast to this, in both fairly 
metal-rich Sgr dSph clusters (Pal 12 and Ter 7) we found no sign 
for this process to be present. All stars in these clusters are lo- 
cated in the CN-weak branch in Fig. [3] From the fact that, if 
present, CN-strong stars should show up easily in these clusters 
we infer that they actually lack those stars. This suggests that 
probably the environment in which the clusters formed had an 
effect on the presence or absence of the CN variations. However 
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we point out that possible effects of the small sample size cannot 
be ruled out. Preliminary results from low resolution spectra of 
seven giants in Arp 2 and Ter 7 sugges t star ot star variat ions in 
the CN band strength in these clusters jBrilev et alj|2007l) . 



3.2. CN vs. CH 

The CN vs. CH diagram also allows us to study CN bimodalities. 
In Fig. |4] (left panel) we plot the measured CN vs. the CH band 
strengths for the RGB stars in our sample clusters. The overall 
patterns found for RGB stars in Fig. [3] also show up in Fig. |4] 
A clear bifurcation into two branches is detected in the CN vs. 
CH diagram for stars on the RGB. NGC 288 and NGC 362 show 
the strong bimodality in the distribution of CN line strength, seen 
before. In contrast, the RGB data points of Ter 7 and Pal 12 again 
are both located on the CN-weak branch in Fig |4] Due to their 
fairly high metallicities these clusters are found in the CH-strong 
regime in this diagram. It seems as if the two Sgr clusters are 
more homogeneous in their CN abundances than the Galactic 
globular clusters in our sample. 

Interestingly, the stars in M 15, which showed no indication 
for a bifurcation in Fig. [3] show a weak indication of a bimodal 

distribution (two clumps separated at CN 0.6) in the CN-CH 

plane (Fig. |4]i. However, this needs further confirmation since 
the observational errors of such weak Unes are large compared 
to the separation of the two clumps. Assuming that the clump at 
CN= -0.5 and CH= 1 .65 defines the CN-rich population, this 
would strongly change the number ratio of CN-strong to CN- 
weak stars in M 15 (see next section). In order to further illustrate 
the dichotomy in this plot we separated CN-strong from CN- 
weak stars (see Fig.|4]right panel) and calculated the mean CN- 
and CH-indices for each sub-population in the different clusters 
(large dots). 

As we introduced earlier, one of the scenarios proposed to 
explain the variations in C and N in RGB stars in globular 
clusters is the dredge-up of material processed in the CNO cy- 
cle. In our case, the origin of the observed patterns/bimodalities 
can not only lie in such mixing effects as the analyzed stars 
are considerably fainter than the red bump at which the deep 
mixing mechanism is expected to set in. Although we did not 
find evidence for CN bimodalities among our SGB and MS 
stars (cf . Harbeck et al.. 2003a) we favor a scenario in which the 
cluster formed out of chemically inhomogeneous material that 
was polluted by the outflows of fast rotating massive stars or 
AGB st ars (e. g., Cottr eU & Da Costa.1981; Ventura et al.. 2001; 
iDecressin et aifcOOTb . 



2 
O 



3.3. Cyanogen excess parameter (6CN) 

As a measure to quantify the large range of CN line strengths 
we used a CN excess parameter ( SCN) similar to the one in- 
troduced by Norri s & SniithI (Il98lh . This minimizes the effects 
of effective temperature and surface gravity existent in the CN 
measurements. The 6CN parameter is defined as the CN strength 
with respect to a baseline. This baseline is defined by the lower 
envelope fitted for each individual cluster in the CN vs. My dis- 
tribution. The left panel in Fig. |5] illustrates the baseline fit and 
right panel shows the resulting SCN vs. My distribution for the 
cluster NGC 288. 

In the previous sections we saw that the bimodality is only 
clearly detected for stars on the lower RGB. Therefore, in the 
following we concentrate on this part of the CMD. Fig.|6]shows 
the histograms of the CN excess parameter for the RGB stars in 




Fig. 5. Left: The My vs. CN diagram for the RGB (red), SGB 
(green) and MS (blue) stars for the cluster NGC 288. The bi- 
modal distribution is clearly visible. The dashed line illustrates 
the lower envelope fitted to this distribution. Right: Plotted is 
My VS. the CN excess parameter 6CN. Stars with 5CN>0.46 are 
defined as CN-strong and indicated by filled circles. CN-weak 
stars are indicated by open circles. The solid line indicates the 
separation between CN-strong and CN-weak stars. 



all eight globular clusters in our sample, sorted by their metallic- 
ity. We selected a bin width of 0.13, comparable to the median 
uncertainties of the CN index for these stars. 

Most of the metal-poor clusters (M15, M55, and M22) 
show a distinct main CN-weak peak with a weak extension to- 
wards higher 6CN values. For NGC 5286, we observe a fairly 
flat distribution. However, due to the small sample size we can- 
not definitely comment on any distribution pattern. For NGC 288 
and NGC 362, which have similar intermediate metallicities, the 
bimodal distribution clearly shows up in these plots. Both peaks 
are roughly equally pronounced. The two probable Sgr dSph 
clusters (Pal 12 and Ter 7) show a single peak and a fairly broad 
distribution around the CN-weak peak. The spanned ranges in 
6CN of about 0.45 and 0.53 for Ter 7 and Pal 12 are comparable 
with the ranges of 0.54 and 0.48 for M 55 and M 15 (excluding 
the extremely CN-strong outlier in the last cluster) which at first 
glance might point to a similar enrichment history of those clus- 
ters, despite their very different metallicities and environments 
they live in. However, the apparent broadness observed in M 15 
and M 55 is mainly due to the metal -poor nature of these clusters, 
resulting in larger errors in determining their CN strength. In 
contrast, for the metal-rich clusters Pal 12 and Ter 7, CN-strong 
stars and a bimodality are expected to clearly show up in these 
diagrams, if present. This makes the chemical patters of the Sgr 
clusters appear different from those of galactic clusters of sim- 
ilar metallicites (e.g., 47Tuc) that show more pronounced CN 
spreads and/or bimodality. 

In Fig. |7]we show combined histograms of the 6CN mea- 
surements of the clusters in our sample. We distinguish between 
a histogram of all eight clusters and one where we did not in- 
clude the two Sgr dSph clusters, Ter 7 and Pal 12. In both cases 
a clear bimodal distribution is visible. As Ter 7 and Pal 12 are of 
extragalactic origin we focused on the histogram based on six 
globular clusters. This distribution was used for the differentia- 
tion between CN-strong and CN-weak stars. We fitted a double 
Gaussian to the distribution and selected the minimum as the 
differential criteria between CN-strong and CN-weak stars. CN- 
strong stars are then those that have a CN excess larger than 
dCN^ 0.46. 
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Fig. 7. Combined histograms of the CN-excess parameter for the 
clusters in our sample. The grey histogram comprises all eight 
clusters. In the black histogram Pal 12 and Ter 7, which are be- 
lieved to belong to the Sgr dSph, are not included. Here we only 
consider stars on the lower RGB. 6CN shows a bimodal distribu- 
tion, which was fitted by two Gaussians. The minimum between 
the two Gaussians was chosen as the criterion to differentiate 
between CN-strong and CN-weak stars. 



In order to quantify the observed bimodality in the CN line 
streng th, we determined the parameter r introduced by NorrisI 
([T987h .It gives the number ratio of CN-strong to CN-weak stars. 



^ strong / ^ weak •> 



(3) 



Errors in r have been estimated from statistical uncertainties 
(adopting AA^ - Va^): 



Ar 



+ 1/N.. 



Strong » 



(4) 



where A^weak and A^snong give the number of CN-weak and CN- 
strong stars, respectively. 

For the further anal ysis, we inclu ded two additional data 
from literature sources. iBrilevI (119971) determined the ratio of 
CN-strong to CN-weak stars for stars on the RGB in 47Tuc. 
He distinguished between RGB stars below and above the RGB 
bump and found very similar values of 1.9 a nd 1.8, respectively . 
For this work, we adopted the value of 1.9. iPennv et al.l (1 19921) 
and iLed (I2005h . who found the r-parameter in the cluster M71 
for stars on the lower RGB to be 0.8 and .69, respectively. We 
adopted the more recent result bv lLed ( 120051) . The measurements 
of the number ratio of CN-strong stars on the upper RGB of M 7 1 
range between 0.3 dPennv et al.lll992| ), 0.63 ('C: ohenlll999 '). and 
1.0 (Lee 2005). The average value is 0.64, similar to those found 
on the lower RGB. Nevertheless, we have to keep in mind that 
the additional r-parameters are based on observations obtained 
with a different instrument and different index definitions. 

In the upper part of Table [3] an overview of the number of 
stars identified as CN-strong and CN-weak is given. In the third 
column the r-parameters for the lower RGB of our clusters and 
M71 and 47Tuc are listed. The r-parameters range from 0.0 
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for Ter7 to 2.00 for NGC 5286. The uncertainties vary from 
0.07 for Pall2 to 1.73 for NGC 5286. The large uncertainty 
for NGC 5286 is due to the small sample size. If one would 
divide the stars of M 15 into CN-weak and CN-strong accord- 
ing to Fig. |4] its r-parameter would be 0.6 (given in brackets in 
Table|3]l. For those clusters that were part of previous studies the 
r-parameters for the upper RGB are given in the last column. We 
find for two out of the three clusters of our sample, for which 
RGB studies exist, a good agreement of the number ratios found 
on the SGB with those on the RGB. The values for NGC 362 
differ by a factor of 2. The reason for this remains unclear and 
requires the repetition of the measurement on the RGB. 



4. CN-CH - anticorrelation 

In many clusters the bimodal distribution in CN is accompanied 
by an anticorrelation of CN and CH. A summary on this can be 
found in e.g., Kraft ( 1994). As these abundance patterns are sim- 
ilar to those expected by the nucleosynthesis of material in the 
CNO cycle they have been attributed to a dredge-up of processed 
material to the stellar surfaces. In the meantime CN-CH anticor- 
relations have been found to be very common for clusters with a 
bimodal distributio n in CN (see, e.g., the recent review paper by 
iGratton et all2004l) . 

In order to examine possible CN-CH anticorrelations we 
used the distinction criteria between CN-strong and CN-weak 
RGB stars as described in Section 13.11 Although no clear bi- 
modality in CN absorption strength was detected on the SGB 
and MS, we observe a scatter in CN larger than expected from 
measurement errors alone in all evolutionary states. 



Fig. 8. The combined distributions of the CN excess parame- 
ters measured for stars on the SGB and MS. The grey histogram 
comprises all eight clusters. In the black histogram Pal 12 and 
Ter7 are not included. The solid lines indicate the median values 
of the distributions. The dashed lines indicate the selection limits 
for CN-strong and CN-weak stars. Stars with 6CN smaller than 
the position of the first dashed line are considered as CN-weak, 
stars with 6CN larger than the position of the second dashed line 
as CN-strong. 



Since CN dichotomies have been detected before on the MS 
on M13 (Briley et al. 2004), 47 Tuc (Harbeck et al. 2003a), and 
M 7 1 (ICohenlll999 ) it is quite conceivable that abundance vari- 
ations among the less evolved stars exist in our sample as well. 
At the precision of our measurements, however, the signal might 
be simply too weak due to the higher temperatures and/or low 
metallicities, which inhibit the formation efficiency of the CN 
molecule. Nevertheless, in order to check for anticorrelations, 
we determined the CN excess parameter for the SGB and MS 
stars analogously to the RGB stars. The resulting 6CN distribu- 
tions are shown in Fig. [8] In analogy to the RGB analysis we ne- 
glected the Sgr clusters Pal 12 and Ter 7. The median 6CN values 
were found to be 0.20 both for the SGB and MS. The standard 
deviation is 0.08 in both cases. We considered those stars with 
6CN higher than Icr above and below the median as CN-strong 
and CN-weak, i.e. CN-strong: (5CN> median + cr; CN-weak: 
5CN< median - cr. 

A comparison of CN vs. My and CH vs. My is shown in 
Fig. |9] We differentiate between RGB, SGB, and MS stars for 
all clusters. Stars with stronger and weaker CN absorption band 
features are highlighted by filled and open symbols, respectively. 
SGB and MS stars with intermediate 6CN strength are plotted as 
crosses in the CN vs. My diagrams only. A bimodal distribution 
in CH is not detected for any of the clusters. Note that even for 
NGC 288 and NGC 362, which showed the strongest dichotomy 
in CN, we do not observe a bimodality in CH. However, the 
CN-strong RGB stars of these two GCs clearly have smaller CH 
indices than the CN-weak RGB stars of similar My. This is not 
seen for the other clusters, except maybe for NGC 5286. In case 
of M 22 , larger uncertaintie s due the significant differential red- 
dening dRichteretalJI 19991) might dilute a possible CN-CH an- 
ticorrelation. In the very metal-poor cluster, M 15, one RGB star 
with high CN absorption bands was identified, which also seems 
to be quite rich in CH. This CN- and CH-strong star in M 15 
stands out from the rest of the datapoints by more than 1 in 6CN. 
Since this star lies slightly off the RGB we suggest that this star 
is not a cluster member (although it has the right radial velocity). 

Moving from the RGB to the SGB and the MS, the CN-CH 
anticorrelation still is visible for NGC 288 and NGC 362. Due 
to the smaller signal to noise ratio, it is less pronounced but on 
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average the more CN-strong stars are more CH-weak. For the 
other clusters, no clear statement can be made. 

We conclude that in case of clearly bimodal clusters like 
NGC 288 and NGC 362 the differences in the band strengths and 
the CN/CH anticorrelation do exist among stars of all evolution- 
ary states. Deep mixing is believed to set in at the level of the 
RGB bump and does not take place in stars on the lower RGB, 
SGB, and MS. Furthermore low-mass MS stars burn hydrogen 
in their cores only. Thus the observed patterns can not be caused 
by the transport of CNO cycle processed material from the inte- 
rior to the stellar surfaces. We can therefore rule out evolutionary 
effects within the stars as the origin of the observed anticorrela- 
tion. 

5. Trends with cluster parameters 

In order to explore possible correlations of the CN distribution 
with global parameters of the globular clusters we combine our 
observations to quantities available in the literature. A si milar 
analys i s was done be fore by, e.g., Norris ( 1987). lSmith & Mated 
dl 9901) . ISmithI (120021) and lHarbeck et al. (2003bi ). However their 
studies were based on compilations of upper RGB star measure- 
ments in various clusters from different sources and therefore 
different techniques. We now provide a sample that is based 
on a very homogeneous data set of eight star clusters. The 
cluster quantities were s elect ed from the 200 3 versi on of the 
McMaster (HaiTis( fT996l) and iPrvor & MevlanI (1 19931) globular 
cluster catalog^ As no ellipticity is listed in these catalogs for 
NGC 288, we adopted the value given by Frenk & Fall ( 1982) 
The age estimates were ad opted from [Rosenberg et al.l d 19991) 
and iBuonanno et all (Il998l) . Moreover, we adopted the subdivi- 
sion of our globular clusters into objects belonging to different 
Galactic components (namely O H, YH, BP, and those accrete d 
from the Sgr dSph (SG)) from Mackev & van den Berghl(l2005l ). 
Table |4]gives an overview of the extracted parameters. 

In order to quantify the statistical significance of possible 
correlations between the number ratio of CN-strong stars with 
various structural parameters we computed for each parameter 
the Spearman coefficient of rank correlation, r,. This correlation 
coefficient is a technique that can be used to characterize the 
strength and direction of a relationship of two random variables. 
The values of lie between +1 and -1, the extremes where the 
rank sequences completely coincide and are completely oppo- 
site, respectively. For the clusters in our sample we do not find a 
clear correlation between the majority of the cluster parameters 
and the percentage of CN-strong stars (Fig.fTOll. 

[Norris (1987) observed a correlation between the percent- 
age of CN-rich stars and the apparent flattening of the indi- 
vidual clusters, which he proposed to be associated with the 
clusters' rotation. He suggested that the high systematic clus- 
ter rotation is linked, via exchange of angular momentum, to a 
higher initial angular momentum of the individual stars. Within 
giants the rotation may drive circulation currents that are ca- 
pable of cycling the material in the envelope through the inte- 
rior hydrogen-burning she ll where the CNO process is active 
dSweigart & M engel 1979). Consequently a larger percentage of 
CN-strong stars is expected to be observed in clusters with larger 
mean stellar rotation velocities and thus larger overall cluster ro- 
tational velocities and hence possibly larger ellipticities. Since 
there is little information on cluster rotation for the globulars 
in our sample, we use ellipticit y as a proxy for rotatio n. This 
correlation was confirmed bv iSmith & Mated fl990.) and lSmithI 

^ http : //coihue . rutgers . edu/~andres j /gccat .html 



Table 5. Calculated Spearman rank correlation coefficients. 
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(I2OO2I) . The computed Spearman rank coefficient of 0.26 sug- 
gests that the number ratio of CN-strong stars is mostly inde- 
pendent of the clus ter elfiptici t y. We conclude that the effect pro- 
posed bv Sweigart & Mengell dl9'79h is probably not as relevant 
as thought so far. 

Another correlation detected by ISmith & Mated dl990l) is 
between the r-parameter and the central velocity dispersion. Our 
analysis reveals rj = -0.07, which makes such a correlation 
rather unlikely. Furthermore, ISmith & Mated d 19901) found the 
largest percentages of CN-strong stars to be restricted to the 
more luminous/massive clusters. They suggest an inter-cluster 
self-pollution scenario as a possible origin. Due to the higher 
binding energies in more massive clusters, the ability to retain 
enriched ejecta of massive and intermediate-mass stars is ex- 
pected to be higher than in lower mass clusters. Our cluster sam- 
ple supports the correlation with the total absolute magnitude 
(Mv). The calculated Spearman coefficient of rj = -0.48 is ac- 
tually among the highest found in our analysis. 

We furthermore determined the Spearman rank correlation 
coefficients using the alternative higher number ratio of M 1 5 
(see Sect. 13.21 ). Although most of the changes are small some 
correlations show a higher significance, in particular for My with 
rs - -0.62. Since the results for NGC 5286 suffer from small 
number statistics and thus a large error in r., we decided to also 
recalculate the correlation coefficients by neglecting this cluster 
(using the original value for M 15). The resulting values are very 
comparable to those considering all clusters. An overview of the 
computed Spearman rank coefficients is given in Tab. |5] 

In order to perform a more statistically complete investiga- 
tion we comb i ned our results with those by Smith (2002) and 
iHarbeck et all d2003bl) . In Section O we have seen that for 
the majority of the studied clusters the r-parameter on the up- 
per RGB is consistent with those on the lower RGB. We are 
thus confident that we may combine our results with those from 
the literature. Nevertheless we keep in mind that this leads to a 
more heterogeneous sample, since values of different evolution- 
ary states and different measurements are combined. 

For most parameters the lack of any clear trends is con- 
fir med. In partic ular, the inclusion of our res ults with those listed 
in lSmiflj d2002l) and lHarbeck et al.1 d2003bl) further confirms the 
lack of a correlation between cluster ellipticity e and the number 
ratio of CN-strong stars. We observe a large scatter in Fig. [TT] 
(lower right panel). It can, however, not be ruled out that some 
clusters with low e and high r values are actually more ellipti- 
cal but appear round due to projection effects. This would dilute 
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Fig. 9. The CN vs. My and CH vs. My diagrams for the eight clusters in our sample. We differentiate between RGB, SGB, and MS 
stars for all clusters. The CN-strong and CN-weak stars are marked by filled and open symbols, respectively. SGB and MS stars 
with intermediate SCN strength are plotted as crosses. For reasons of clarity these stars are only plotted in the CN vs. My diagrams. 
The median error of the measurements are given in the upper left corners of each panel. We do not plot the errors for SGB and MS 
stars in Pal 12 as they exceed the hmit of the diagrams. 



a possible correlation. GCs with high e and low r values would 
then be clear outliers. 

We see a possible connection between the r-parameter and 
the tidal radius (Fig. [TT] lower left panel). Clusters with larger 
tidal radii seem to possess a larger percentage of CN-strong 
stars. Interestingly, those clusters that do not follow this trend are 
those that are thought to be linked to the Sgr dSph (Palomar 12 
and Terzan?) as well as the very metal-poor clusters M15 and 
NGC 5272, which belong to the young halo GCs. We computed 
the Spearman coefficient including and excluding these cluster 



The resulting values are 0.19 a nd 0.6 7, respectively. This is an 
interesting finding, since IZinnI (Il993h postulated that the young 
halo population of globular clusters was predominantly formed 
by accretion of extragalactic objects. We therefore put forward 
the hypothesis that, among other parameters, environmental dif- 
ferences due to different cluster forma tion sites may i nfluence 
the today observed abundance patterns. ICarrettal (1200 6') showed 
that apart from differences in the environmental properties dur- 
ing the time of formation also differences in the evolution of 
clusters have probably influenced the light element abundance 
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Fig. 10. The number ratio of CN-strong to CN-weak stars (r-parameter) vs. various cluster parameters (see Tab. |4|. Our targets 
are indicated by the filled circles. The two results taken from the literature are marked by open triangles. Red, blue, yellow and 
green colours indicate OH, YH, BD and Sgr GCs, respectively. In the upper left corner the calculated Spearman rank correlation 
coefficient is given. 
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Table 4. Global parameters of globular clusters of our sample. All sources for the parameters are listed in the footnotes. 



Cluster 


Ooc 


M° 


HBR-° 


[Fe/H]" 


TT, 


m, 


^ 

' core 




' ridal 


la 


"77^ 


(M/L)" 


77-7 — 

age • 


class' 




(kpc) 


(mag) 




(dex) 






(pc) 


(pc) 


(mag/"2) 


(km/s) 






(Gyr) 


NGC288 


12.0 


-6.74 


0.98 


-1.24 


0.96 


0.09" 


3.64 


33.12 


19.95 


2.9 


3.0 


11.3 


OH 


NGC 362 


9.4 
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0.01 


0.47 
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14.88 


6.4 
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8.7 
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NGC 5286 
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SG 


M55 
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12.3 
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2.50 


0.05 


0.21 
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YH 
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NA 
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SG 
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YH 
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5.6 
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11.3 


YH 
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6.2 
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0.31 
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0.14 
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16.05 


5.7 


1.4 


10.9 
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0.01 
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NA 


NA 
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BD 
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0.04 


0.20 


64.39 
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4.5 


1.1 


12.2 


OH 


NGC 6934 


12.8 
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0.25 


-1.54 


1.53 


0.01 


1.14 


38.23 


17.26 


5.1 


2.5 


9.6 


YH 


NGC 7089 


10.4 


-9.02 


0.96 


-1.62 


1.80 


0.11 


1.14 


71.75 


15.92 


8.2 


1.9 


NA 


OH 


NGC 7006 


38.8 
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1.42 


0.01 


2.90 


76.54 
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NA 


NA 


NA 
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'distance from Galactic center, "horizontal branch ratio: HBR = (B - R)/(B + V + R), 'concentration, ''ellipticity e = 1 - {bla), ^core radius, 

^tidal radius, ^ c entral surface brightnes s, ^central velocity disper sion 

lHarrisl ( ll996h iPrvor & Mevlanlll993h iRosenberg et alJd 19991 ) iBuonanno et al.l ( ll998h iFrenk & Faiil ( ll982h ^Mackev & van den Berghl ( l200g) 



ratios. Using a set of high resolution spectroscopic abundance 
measurements he found that clusters with larger orbital semi 
major axes, i.e., extended orbits and revolution periods, exhibit 
a larger amount of inhomogeneities. From this he concluded 
that for clusters on orbits reaching large Galactocentric distances 
the lack of disturbance by the Galactic disk helps to retain pre- 
enriched material. In contrast, clusters close to the Galactic cen- 
tre might have suffered early and frequent disk/bulge shocks that 
enforced rapid gas loss and prohibited the formation of a second 
enriched subpopulation. Those clusters also show smaller tidal 
radii due to the even stronger tidal forces towards the centre of 
the Galaxy. 

In the upper right panel of Fig. [TT| we plotted the r-parameter 
as a function of the absolute magnitude, representing the present- 
day cluster mass. It seems that the maximum number ratio of 
CN- strong t o CN-weak stars increases with increasing My (cf. 
ISmithll2002h . Only the brightest clusters have formed CN-strong 
stars. This supports the idea that the more massive objects can 
more efficiently retain processed material ejected from evolved 
stars. 

The possible CN-bimodality of M 15 as described in 
Sect. 13.21 and shown in Fig. |4] increases the r-parameter of this 
cluster to 0.6. As a consequence the correlations of r with abso- 
lute magnitude. My and tidal radius, r, become slightly more sig- 
nificant with Spearman rank values of r, - -0.56 and -0.68, re- 
spectively. The low correlations with central velocity dispersion 
and ellipticity, however, remain nearly unchanged. More accu- 
rate CN/CH index measurements of this very metal-poor cluster 
are needed to confirm these findings. 



6. Summary and conclusions 

We analyzed the absorption bands of the CN and CH molecule 
in eight Galactic globular clusters via line index measurements. 
In each cluster, stars of various evolutionary stages were stud- 
ied, from the lower RGB and SGB to the upper MS. Our sam- 
ple comprises clusters belonging to different Milky Way compo- 
nents, e.g., young and old halo. In particular, two of our studied 
objects are associated with a disrupting Galactic companion, the 
Sagittarius dwarf spheroidal (Sgr dSph). We could show that the 
majority of the studied clusters shows significant CN/CH varia- 
tions at the base of the RGB. For the two most prominent CN- 
bimodal GCs, NGC 288 and NGC 362, CN anticorrelates with 
CH. A weak signal for a CN/CH anticorrelation was detected 
also in the least evolved stars in these clusters. From this we 
conclude that purely evolutionary effects within the stellar inte- 
rior cannot be the main driver of the observed abundance pat- 
terns. Our findings therefore favor a scenario in which a cer- 
tain fraction of most clusters was formed out of material that 
was enriched or polluted by ejecta of a prior generation of mas- 
sive stars. In fact, the existence of star-to-star variations among 
those slightly evolved stars favors self-enrichment as the prob- 
able origin. One possible explanation could be that the nowa- 
days observed stars in globular clusters formed from protoclus- 
ter material that was to some degree inhomogeneously enriched 
in light elements. Such a pollution might have originated from 
ejecta of a prior generation of massive and therefore fast evolv- 
ing stars, either belonging to the cluster itself or to the field 
population of a larger (dwarf sized) galaxy in which the clus- 
ter was embedded (e.g., Bekki et al. 20Q7)- Possible candidates 
for the po lluters discussed in the hterature are massive AGB 
stars (e.g.. ICottrell & Da Costal 1 19811: 1 Ventura et all 1200 Ih and 
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more recently fast rotating massive stars jPecressin et al.||2"007|) . 
AGBs eject material via slow winds that are processed through 
the hot CNO cycle but are not enriched in iron. Fast rotating mas- 
sive stars loose large amounts of material through slow winds, 
which are also enriched in H-burning products. 

For the clusters NGC 288 and NGC 362 we found a clear bi- 
modal distribution in CN with similar numbers of CN-strong and 
CN-weak stars. As the two clusters are a second-parameter pair, 
we conclude that the horizontal branch morphology is not cor- 
related with this phenomenon. A possible explanation for such a 
pronounced dichotomy is given by a prolonged star formation in 



these globular clusters. The second, enriched stellar population 
formed well after the first generation had expelled and homoge- 
neously distributed their AGE ejecta. The existence of such mul- 
tiple stellar populations within globular clusters is further sup- 
ported by the recent discoveries of complex CMD morphologies 
(e.g., m ultiple SGBs andMSs with age sprea ds) in some massive 
objects (iBedin et al.ll2004tlPiotto et al.ll2007b . 

The two probable former Sgr dSph clusters (Terzan? and 
Palomarl2) do not exhibit any CN-strong stars. They are the 
most metal-rich clusters in our sample and therefore the double 
metal molecule CN should be easy to detect. We conclude that 
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these clusters might lack stars with strong CN absorption. Our 
results suggest that the accreted Sgr globular clusters might be 
more chemically homogeneous than those native to the Milky 
Way. This is supported by the abundan ce analysis of 21 ele- 
ments for four Sgr stars bv iCohenl (|2004|) . who do not find a sig- 
nificant star-to-star scatter. Probably environmental conditions 
during the formation of the clusters played a major role for the 
observed abundance pattern. However, we point out that all ex- 
isting studies suffer from small number statistics. Thus it can not 
be ruled out that CN-rich stars are simply missed in the sam- 
pling (see the priliminary results bv lBrilev et al.ll2007l) . For fur- 
ther conclusions a thorough investigation of the abundance pat- 
terns other probable Sgr clusters (M54, Arp2, Ter7, Ter8, and 
Pal 12) is desirable. 

In order to search for possible drivers for the abundance 
anomalies we studied the ratio of CN-strong/CN-weak stars 
as a function of various cluster parameters. We do not con- 
firm the corre lation with t he cluster ellipticity that was ob- 
served before ( lNorrislll987l) . Our study therefore does not sup- 
port cluster rotation and the associated enhanced deep mixing 
(Sweigart & Mengel 1979) as a main source of the production 
of CN-strong stars. Although we hardly see correlations of the 
number ratio of CN-strong stars with the majority of cluster pa- 
rameters, some dependencies do seem to exist. We find evidence 
for an increase of the CN-strong star fraction with cluster tidal 
radius. Since GCs with large tidal radii are mostly found in the 
weak tidal field of the Galaxy (well outside the bulge and disk 
potential) they might occupy orbits that avoid bulge/disk shocks. 
Thus they might keep their gas longer, which favors the build- 
up of a second generation of enriched stars. Furthermore, we 
find that preferably the more luminous/massive clusters exhibit 
a large number of CN-strong stars. This may be an indication 
that the CNO processed ejecta could be more efficiently retained 
by more massive objects, independent of their tidal radius. The 
picture emerges that there are two basic channels that lead to a 
high fraction of CN-rich stars in GCs: 1) the cluster formed and 
lived in a remote environment, which allowed it to keep/regain 
its gas, and 2) the gravitational potential of the cluster itself was 
large enough to trap the enriched ejecta of slow velocity winds 
out of which a new generation of stars was formed. 

Interestingly, those clusters that do not follow the observed 
trend are either associated with the young halo or accreted from 
the Sgr dSph. This might indicate that, as third parameter, the en- 
vironmental conditions in which the clusters formed might had 
a non-negUgible influence on the abundance patterns we observe 
today. 

Nevertheless we point out that our study is limited to a small 
sample of clusters. For a statistically better supported study a 
larger cluster sample is necessary. Furthermore a complete set 
of cluster parameters are needed to search for the significance of 
the CN-CH differences between genuine halo globular clusters 
and accreted objects. 
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Appendix A: List of spectroscopic sample stars 

The following table contains a magnitude limited list (five stars per cluster) of 
our spectroscopic sample stars. They are ordered by increasing V magnitude. 
The columns are as follows: 



Column 1. Identification of the object, giving the name of the globular cluster 
followed by a number which is ordered with increasing V magnitude. 
Column 2. Right ascension for the epoch 2000 in decimals. 
Column 3. Declination (2000) in decimals. 

Column 4. Apparent V magnitude as determined by PSF photometry with 

DAOPHOT II under IRAF. 

Column 5. B - V colour from PSF photometry. 

Column 6. Measured CN band strength. 

Column 7. Error in measured CN band strength. 

Column 8. Measured CH band strength. 

Column 9. Error in measured CH band strength. 

Column 10. Calculated CN-excess parameter SCN. 

Column 11. Radial velocity as determined from cross-conelation with FXCOR 
under IRAF and not corrected for systematic errors. Thus, these velocities are 
only indicative. 

Column 12. 'Type' describes to which part of the CMD the star most probably 
belongs: RGB = red giant branch, HB = horizontal branch, SGB = sub giant 
branch, MS = main sequence. 

Note: The full table of analyzed stars only is available in the online version 
of the article. 
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Id 


a(2000) 


(5(2000) 


W 


B-V 


CN 


dCN 


CH 


dCH 


<5CN 


Vrad 


Type 


NGC288-001 


13.23449 


-26.53142 


16.83 


0.76 


-0.493 


0.105 


2.291 


0.056 


0.303 


-90.9 


RGB 


NGC288-002 


13.22360 


-26.59697 


16.97 


0.78 


-0.546 


0.094 


2.288 


0.052 


0.252 


-91.1 


RGB 


NGC288-003 


13.20552 


-26.63372 


17.14 


0.76 


-0.482 


0.082 


2.355 


0.049 


0.319 


-83.4 


RGB 






—96 ^4998 


17 Xl 


71 


96^ 


1 ^0 


2.125 


06^ 


1 070 


—80 1 

oy. 1 


RGB 


NGC288-005 


13.22482 


-26.60748 


17.52 


0.73 


-0.004 


0.120 


2.124 


0.063 


0.803 


-94.3 


RGB 


NGC362-001 


15.70094 


-70.86414 


16.73 


0.81 


-0.051 


0.066 


2.115 


0.039 


0.822 


219.7 


RGB 


NGC362-002 


15.62026 


-70.90492 


16.74 


0.80 


-0.648 


0.064 


2.243 


0.040 


0.225 


202.7 


RGB 


NGC362-003 


15.70814 


-70.83189 


16.92 


0.79 


-0.720 


0.071 


2.193 


0.044 


0.154 


221.1 


RGB 


ivnp^fi? oozt 




— 70 87099 


1 7 0^ 


78 

U. / 


—0 S9S 


079 
u.u / z 


9 1 

Z. i J J 


046 


?^o 


906 1 

ZUU. i 


JXVJD 


NGC362-005 


15.73940 


-70.84594 


17.18 


0.80 


0.115 


0.087 


2.081 


0.049 


0.990 


199.7 


RGB 


NGC5286-001 


206.54955 


-51.42272 


16.77 


1.08 


-0.051 


0.099 


2.047 


0.057 


0.741 


90.0 


RGB 


NGC5286-002 


206.54435 


-51.40362 


16.91 


1.07 


0.002 


0.104 


2.183 


0.059 


0.796 


84.1 


RGB 


NGC5286-003 


206.53143 


-51.40539 


17.83 


0.97 


-0.085 


0.144 


1.884 


0.083 


0.724 


88.7 


RGB 




906 10 


— 'il 49690 


17 06 


1 m 


—0 '540 


1 '\C] 


9 040 


006 

U.U70 


969 
u.zuz 


86 9 




NGC5286-005 


206.56752 


-51.42112 


18.05 


0.96 


-0.810 


0.152 


2.141 


0.096 


0.002 


73.4 


RGB 


M22-001 


279.02891 


-23.91745 


15.28 


0.79 


-0.187 


0.066 


2.316 


0.035 


0.483 


-125.7 


RGB 


M22-002 


279.04091 


-23.91550 


16.20 


0.80 


0.096 


0.100 


1.984 


0.052 


0.802 


-147.9 


RGB 


M22-003 


279.05050 


-23.92792 


16.32 


0.77 


-0.459 


0.100 


1.908 


0.054 


0.252 


-141.3 


RGB 


M99-004 


97Q 0*597(1 


—93 09067 


16 


70 


—0 ^80 


000 


1 061 


0^6 


0.122 


— 1 "^9 7 


RGB 


M22-005 


279.05760 


-23.88352 


16.38 


0.84 


0.199 


0.098 


1.949 


0.051 


0.913 


-136.2 


RGB 


Ter7-001 


289.40929 


-34.65456 


16.82 


1.22 


0.350 


0.129 


2.425 


0.054 


0.396 


125.9 


RGB 


Ter7-002 


289.43408 


-34.67519 


16.95 


1.19 


0.050 


0.128 


2.366 


0.057 


0.128 


139.2 


RGB 


Ter7-003 


289.44845 


-34.65597 


17.42 


1.08 


0.179 


0.152 


2.412 


0.069 


0.371 


138.5 


RGB 


Tpr7-004 


980 44^80 


-^4 64778 


17 51 


1 10 


147 


145 


9 300 


070 


361 


147 
It / .w 


RGB 


Ter7-005 


289.41804 


-34.68052 


17.53 


0.98 


-0.265 


0.119 


2.304 


0.065 


-0.046 


138.1 


RGB 


M15-001 


322.52784 


12.19498 


17.17 


0.72 


-0.459 


0.093 


1.695 


0.057 


0.278 


-128.5 


RGB 


M15-002 


322.56545 


12.21040 


17.51 


0.71 


-0.553 


0.105 


1.659 


0.066 


0.188 


-128.7 


RGB 


M15-003 


322.53617 


12.13113 


17.52 


0.67 


-0.598 


0.097 


1.751 


0.064 


0.143 


-98.6 


RGB 


M15-004 


322.53279 


12.18582 


17.55 


0.71 


-0.718 


0.111 


1.740 


0.070 


0.023 


-111.0 


RGB 




32/.Miyt) 


iz. IDzO/ 


1 T 1 
i /.Ol 


0.0/ 


—0.0/0 


0.113 


1 Ton 

i./zy 


A ATT 
U.U/Z 


A ATT 
0.0 /z 


1 f\n n 

—Vkji.i 


KGB 


Pall2-001 


326.66154 


-21.24816 


16.21 


0.90 


-0.197 


0.100 


2.273 


0.052 


0.227 


-5.7 


RGB 


Pall2-002 


326.66939 


-21.23127 


16.61 


0.88 


0.151 


0.105 


2.509 


0.057 


0.627 


8.5 


RGB 


Pall 2-003 


326.65155 


-21.24316 


16.88 


0.79 


-0.578 


0.108 


2.208 


0.062 


-0.068 


14.0 


RGB 


Pall2-004 


326.67071 


-21.25261 


16.92 


0.75 


-0M2 


0.094 


2.121 


0.056 


0.073 


18.5 


RGB 


Pall2-005 


326.67863 


-21.26354 


16.97 


0.74 


-0.567 


0.095 


2.068 


0.058 


-0.045 


17.5 


RGB 
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Id 



Qr(2000) 



(5(2000) 



B-V 



CN 



dCN 



CH 



dCH 



i5CN 



Vrad Type 



NGC288-001 
NGC288-002 
NGC288-003 
NGC288-004 
NGC288-005 
NGC288-006 
NGC288-007 
NGC288-008 
NGC288-009 
NGC288-010 
NGC288-011 
NGC288-012 
NGC288-013 
NGC288-014 
NGC288-015 
NGC288-016 
NGC288-017 
NGC288-018 
NGC288-019 
NGC288-020 
NGC288-021 
NGC288-022 
NGC288-023 
NGC288-024 
NGC288-025 
NGC288 -026 
NGC288-027 
NGC288-028 
NGC288-029 
NGC288-030 
NGC288-031 
NGC288-032 
NGC288-033 
NGC288-034 
NGC288-035 
NGC288-036 
NGC288-037 
NGC288-038 
NGC288-039 
NGC288-040 
NGC288-041 
NGC288-042 
NGC288-043 
NGC288-044 
NGC288-045 
NGC288-046 
NGC288-047 
NGC288-048 
NGC288-049 
NGC288-050 
NGC288-051 
NGC288-052 
NGC288-053 
NGC288-054 
NGC288-055 
NGC288-056 
NGC288-057 
NGC288-058 
NGC288-059 
NGC288-060 
NGC288-061 
NGC288-062 
NGC288-063 
NGC288-064 
NGC288-065 
NGC288-066 
NGC288-067 
NGC288-068 
NGC288-069 
NGC288-070 
NGC288-071 
NGC288-072 
NGC288-073 
NGC288-074 



13.23449 
13.22360 
13.20552 
13.22098 
13.22482 
13.23787 
13.23132 
13.24678 
13.22385 
13.23367 
13.23598 
13.23494 
13.23544 
13.22266 
13.23266 
13.21534 
13.25406 
13.23324 
13.24789 
13.23613 
13.22914 
13.23485 
13.23269 
13.23434 
13.20622 
13.23036 
13.23675 
13.24216 
13.22620 
13.24081 
13.22603 
13.23301 
13.20604 
13.22852 
13.23424 
13.23346 
13.24172 
13.20516 
13.23552 
13.23028 
13.21876 
13.20784 
13.23634 
13.24177 
13.23973 
13.23891 
13.24374 
13.22868 
13.22868 
13.24387 
13.24115 
13.25602 
13.24202 
13.22418 
13.23348 
13.23161 
13.25071 
13.23847 
13.24501 
13.24804 
13.23127 
13.22175 
13.22098 
13.24339 
13.22389 
13.23320 
13.22107 
13.22107 
13.24484 
13.24921 
13.22695 
13.24306 
13.24092 
13.22211 



-26.53142 
-26.59697 
-26.63372 
-26.54228 
-26.60748 
-26.52769 
-26.57133 
-26.52963 
-26.56176 
-26.62778 
-26.59420 
-26.57646 
-26.54812 
-26.61854 
-26.58919 
-26.56422 
-26.61293 
-26.53597 
-26.60889 
-26.59022 
-26.53786 
-26.58387 
-26.62510 
-26.58061 
-26.63090 
-26.54462 
-26.53481 
-26.62313 
-26.53989 
-26.57897 
-26.58213 
-26.61150 
-26.54595 
-26.61737 
-26.63550 
-26.56777 
-26.56576 
-26.55748 
-26.61578 
-26.52377 
-26.55923 
-26.55264 
-26.53191 
-26.58093 
-26.53821 
-26.52848 
-26.59485 
-26.55067 
-26.55067 
-26.60358 
-26.59677 
-26.60595 
-26.58934 
-26.53314 
-26.60758 
-26.60188 
-26.61296 
-26.63385 
-26.57766 
-26.62716 
-26.60001 
-26.54475 
-26.52956 
-26.58277 
-26.53966 
-26.56424 
-26.54135 
-26.54135 
-26.57078 
-26.61144 
-26.54334 
-26.55599 
-26.63545 
-26.54883 



16.83 
16.97 
17.14 
17.37 
17.52 
17.57 
17.62 
17.71 
17.76 
17.77 
17.78 
17.82 
17.94 
18.00 
18.09 
18.24 
18.27 
18.31 
18.32 
18.33 
18.36 
18.38 



.39 
.40 
.41 
.42 
.42 
.45 
.46 
.46 
18.47 
18.47 
18.48 
18.48 
18.49 
18.50 
18.51 
18.54 
18.54 
18.55 
18.55 
18.60 
18.71 
18.82 
18.83 
18.89 
18.89 
18.90 
18.90 
18.93 
18.96 
18.96 
18.98 
19.02 
19.02 
19.07 
19.08 
19.09 
19.10 
19.11 
19.11 
19.13 
19.15 
19.20 
19.20 
19.22 
19.25 
19.25 
19.28 
19.36 
19.39 
19.39 
19.41 
19.50 



0.76 
0.78 
0.76 
0.71 
0.73 
0.70 
0.72 
0.69 
0.72 
0.72 
0.69 
0.72 
0.69 
0.71 
0.68 
0.66 
0.59 
0.62 
0.59 
0.61 
0.59 
0.58 
0.52 
0.57 
0.54 
0.52 
0.47 
0.48 
0.52 
0.53 
0.53 
0.49 
0.49 
0.49 
0.50 
0.50 
0.51 
0.49 
0.47 
0.48 
0.49 
0.47 
0.46 
0.43 
0.44 
0.44 
0.47 
0.43 
0.43 
0.45 
0.43 
0.46 
0.45 
0.45 
0.46 
0.45 
0.43 
0.43 
0.45 
0.43 
0.46 
0.45 
0.44 
0.47 
0.43 
0.44 
0.46 
0.46 
0.47 
0.43 
0.46 
0.49 
0.46 
0.47 



-0.493 
-0.546 
-0.482 

0.265 
-0.004 
-0.034 

0.121 
-0.034 
-0.707 
-0.812 
-0.731 
-0.560 
-0.083 
-0.628 
-0.028 
-0.547 
-0.492 
-0.610 
-0.623 
-0.840 
-0.197 
-0.585 
-0.584 
-0.588 
-0.605 
-0.636 
-0.476 
-0.704 
-0.773 
-0.731 
-0.658 
-0.604 
-0.695 
-0.466 
-0.720 
-0.409 
-0.626 
-0.684 
-0.535 
-0.571 
-0.506 
-0.666 
-0.595 
-0.591 
-0.592 
-0.613 
-0.562 
-0.617 
-0.617 
-0.545 
-0.481 
-0.619 
-0.614 
-0.725 
-0.689 
-0.739 
-0.632 
-0.559 
-0.656 
-0.658 
-0.700 
-0.718 
-0.767 
-0.603 
-0.818 
-0.489 
-0.781 
-0.781 
-0.726 
-0.514 
-0.589 
-0.708 
-0.529 
-0.621 



105 
094 
082 
130 
120 
128 
110 
137 
159 
115 
125 
136 
142 
155 
144 
158 
162 
169 
146 
139 
174 
149 
143 
152 
115 
155 
136 
151 
153 
164 
167 
156 
143 
152 
139 
148 
162 
147 
140 
146 
144 
135 
134 
140 
141 
147 
139 
143 
143 
142 
138 
147 
140 
151 
150 
160 
162 
141 
172 
148 
161 
155 
159 
176 
157 
179 
178 
178 
188 
181 
176 
179 
173 
0.193 



2.291 
2.288 
2.355 
2.125 
2.124 
2.158 
2.176 
2.133 
2.251 
2.225 
2.237 
2.238 
2.157 
2.245 
2.064 
2.165 
1.964 
2.078 
1.970 
2.025 
2.158 
1.842 
1.824 
1.994 
1.853 
1.942 
1.815 
1.776 
1.932 
1.889 
1.879 
1.764 
1.899 
1.744 
1.758 
1.837 
1.883 
1.859 
1.720 
1.786 
1.741 
1.742 
1.749 
1.774 
1.722 
1.697 
1.705 
1.708 
1.708 
1.629 
1.648 
1.739 
1.671 
1.735 
1.704 
1.707 
1.759 
1.648 
1.780 
1.685 
1.716 
1.760 
1.748 
1.735 
1.898 
1.662 
1.706 
1.706 
1.756 
1.679 
1.725 
1.801 
1.679 
1.796 



0.056 
0.052 
0.049 
0.063 
0.063 
0.066 
0.060 
0.071 
0.085 
0.067 
0.071 
0.075 
0.076 
0.086 
0.078 
0.087 
0.087 
0.095 
0.084 
0.081 
0.094 
0.083 
0.081 
0.088 
0.072 
0.087 
0.080 
0.086 
0.087 
0.093 
0.092 
0.088 
0.084 
0.087 
0.083 
0.086 
0.090 
0.085 
0.081 
0.086 
0.082 
0.080 
0.083 
0.089 
0.088 
0.092 
0.090 
0.089 
0.089 
0.090 
0.090 
0.096 
0.093 
0.095 
0.097 
0.102 
0.102 
0.095 
0.106 
0.096 
0.104 
0.099 
0.100 
0.110 
0.102 
0.108 
0.110 
0.110 
0.116 
0.113 
0.111 
0.116 
0.114 
0.121 



0.303 
0.252 
0.319 
1.070 
0.803 
0.774 
0.930 
0.776 
0.105 
0.000 
0.081 
0.253 
0.732 
0.188 
0.789 
0.273 
0.328 
0.211 
0.198 
-0.019 
0.625 
0.237 
0.238 
0.234 
0.217 
0.187 
0.346 
0.119 
0.050 
0.092 
0.165 
0.219 
0.128 
0.358 
0.104 
0.415 
0.198 
0.141 
0.290 
0.253 
0.319 
0.159 
0.232 
0.238 
0.238 
0.217 
0.268 
0.214 
0.214 
0.286 
0.350 
0.213 
0.218 
0.108 
0.144 
0.095 
0.202 
0.274 
0.178 
0.176 
0.134 
0.116 
0.068 
0.233 
0.018 
0.347 
0.056 
0.056 
0.111 
0.325 
0.250 
0.131 
0.310 
0.219 



-90.9 
-91.1 
-83.4 
-89.1 
-94.3 
-94.7 
-79.7 
-91.9 
-90.1 

-104.1 
-92.5 
-88.3 
-84.5 

-100.1 
-84.7 
-88.0 
-95.9 
-92.4 
-88.6 
-92.1 
-86.8 
-85.4 
-89.8 
-87.6 
-82.6 
-84.9 
-74.4 
-95.7 
-81.6 
-85.4 
-84.0 
-90.6 
-82.1 
-96.6 
-99.5 
-82.0 
-80.9 
-80.0 
-86.8 
-85.0 
-75.0 
-73.1 
-68.2 
-66.3 
-66.3 
-70.5 
-66.3 
-71.3 
-71.3 
-65.5 
-69.8 
-73.6 
-57.9 
-62.4 
-77.0 
-59.7 
-76.9 
-67.6 
-78.9 
-64.7 
-69.0 
-73.4 
-69.3 
-77.8 
-65.4 
-70.8 
-77.0 
-77.0 
-73.8 
-66.8 
-72.6 
-73.1 
-70.8 
-74.4 



RGB 

RGB 

RGB 

RGB 

RGB 

RGB 

RGB 

RGB 

RGB 

RGB 

RGB 

RGB 

RGB 

RGB 

RGB 

RGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

SGB 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 



Table A.l. continued. 



A. Kayser et al.: CN and CH line strengths in MW GCs, Online Material p 2 



Id 


a(2000) 


5(2000) 


V 


B-V 


CN 


dCN 




CH 


dCH 


i5CN 


Vfad 


Type 


NGC288-075 


13.24784 


-26.59811 


19.50 


0.42 


-0.478 


0.207 


1 


638 





132 


0.362 


-64.4 


MS 


NGC288-076 


13.23084 


-26.52602 


19.54 


0.47 


-0.634 


0.195 


1 


660 





123 


0.208 


-76.0 


MS 


NGC288-077 


13.23209 


-26.56299 


19.60 


0.49 


-0.575 


0.208 


1 


706 





129 


0.268 


-71.5 


MS 


NGC288-078 


13.23842 


-26.53609 


19.62 


0.47 


-0.566 


0.223 


1 


714 





134 


0.277 


-78.8 


MS 


NGC288-079 


13.25103 


-26.63716 


19.63 


0.45 


0.345 


0.200 


1 


712 


Q 


125 


1.188 


-81.5 


MS 


NGC288-()80 


13.24588 


-26.62907 


19.64 


0.46 


-0.484 


0.197 


1 


684 





124 


0.359 


-64.9 


MS 


NGC288^081 


13.23252 


-26.59295 


19.65 


0.51 


-0.900 


0.205 


1 


768 





131 


-0.057 


-72.9 


MS 


NGC288-082 


13.24570 


-26.57643 


19.67 


0.50 


-0.664 


0.219 


1 


744 


Q 


136 


0.179 


-62.5 


MS 


NGC288-083 


13.24579 


-26.62047 


19.68 


0.47 


-0.539 


0.199 


1 


653 





128 


0.305 


-72.5 


MS 


NGC288-()84 


13.23610 


-26.61677 


19.68 


0.48 


-0.756 


0.209 


1 


682 


Q 


133 


0.087 


-72.9 


MS 


NGC288-()85 


13.24088 


-26.55429 


19.69 


0.50 


-0.719 


0.211 


1 


774 




135 


0.125 


-68.4 


MS 


NGC288-()86 


13.23434 


-26.56785 


19.70 


0.50 


-0.623 


0.214 


1 


801 





135 


0.221 


-68.1 


MS 


NGC288-()87 


13.23430 


-26.57322 


19.72 


0.59 


-0.700 


0.228 


1 


911 


Q 


144 


0.144 


-61.6 


MS 


NGC288-()88 


13.22683 


-26.55220 


19.74 


0.49 


-0.809 


0.236 


1 


884 





152 


0.036 


-61.8 


MS 


NGC288-()89 


13.23172 


-26.56124 


19.74 


0.48 


-0.319 


0.240 


1 


753 





145 


0.526 


-75.8 


MS 


NGC288-090 


13.25343 


-26.61468 


19.77 


0.47 


-0.609 


0.229 


1 


889 


Q 


150 


0.236 


-90.5 


MS 


NGC288-091 


13.24805 


-26.62451 


19.83 


0.49 


-0.641 


0.250 


1 


678 





150 


0.205 


-67.3 


MS 


NGC288-092 


13.23631 


-26.52126 


19.95 


0.52 


-0.551 


0.268 


1 


847 





171 


0.298 


-78.1 


MS 


NGC288-()93 


13.24568 


-26.61894 


19.97 


0.49 


-0.570 


0.236 


1 


796 





153 


0.278 


-79.9 


MS 


NGC288-094 


13.24649 


-26.62229 


19.98 


0.50 


-0.515 


0.263 


1 


841 





166 


0.334 


-73.6 


MS 


NGC288-095 


13.23555 


-26.55945 


19.99 


0.56 


-0.755 


0.262 


1 


898 





164 


0.094 


-59.4 


MS 


NGC288-096 


13.25435 


-26.56649 


20.13 


0.54 


-0.560 


0.279 


1 


852 





175 


0.291 


-72.1 


MS 


NGC288-097 


13.24945 


-26.59090 


20.14 


0.49 


-0.664 


0.243 


1 


848 





162 


0.187 


-66.2 


MS 


NGC288-098 


13.24945 


-26.59090 


20.19 


0.52 


-0.523 


0.244 


1 


906 





159 


0.329 


-63.1 


MS 


NGC288-099 


13.24487 


-26.53475 


20.19 


0.50 


-0.726 


0.318 


1 


793 





187 


0.126 


-74.1 


MS 



NGC362-001 


1 5 70094 


-70.86414 


16.73 


0.81 


-0.051 


0.066 


2.115 


0.039 


0.822 


219.7 


RGB 


NGr362-002 


1 5 62026 


-70 90492 


16.74 


0.80 


-0.648 


0.064 


2.243 


0.040 


0.225 


202.7 


RGB 


NGr362-003 


15 70814 


-70 83189 


16.92 


0.79 


-0.720 


0.071 


2.193 


0.044 


0.154 


221.1 


RGB 


NGr362-004 


1 5 69642 


-70 87922 


17.03 


0.78 


-0.525 


0.072 


2.153 


0.046 


0.350 


206.1 


RGB 


NGr362-005 


1 5 73940 


-10 84594 


17.18 


0.80 


0.115 


0.087 


2.081 


0.049 


0.990 


199.7 


RGB 


NGr362-006 


1 5 65438 


-70 87340 


17.40 


0.73 


-0.009 


0.087 


2.058 


0.051 


0.868 


208.8 


RGB 


NGr362-007 


15 68017 


-70 83588 


17.50 


0.75 


-0.774 


0.090 


2.206 


0.057 


0.104 


229.3 


RGB 


NGr362-008 


15 64375 


-70 87226 


17.54 


0.74 


-0.673 


0.089 


2.218 


0.056 


0.205 


220.5 


RGB 


NGr362-009 


1 5 68763 


-70 81459 


17.59 


0.74 


-0.075 


0.097 


2.109 


0.057 


0.803 


217.2 


RGB 




1 5 64325 


-70 84042 


17.64 


0.73 


-0.243 


0.098 


2.070 


0.059 


0.636 


219.1 


RGB 




1 5 69340 


-70 86878 


17.76 


0.75 


-0.727 


0.094 


2.209 


0.064 


0.153 


203.4 


RGB 




1 5 66295 


-70 82199 


17.88 


0.71 


-0.150 


0.107 


1.985 


0.063 


0.731 


219.6 


RGB 




15 651 15 


-70 8931 1 


17.91 


0.70 


-0.235 


0.107 


2.048 


0.065 


0.646 


202.6 


RGB 


NGC362-014 


15.62802 


-70.82859 


18.10 


0.70 


-0.780 


0.116 


2.130 


0.073 


0.102 


215.7 


RGB 


NGC362-015 


15.72177 


-70.85894 


18.15 


0.68 


-0.813 


0.115 


2.100 


0.075 


0.070 


216.1 


RGB 


NGC362-016 


15.61183 


-70.89585 


18.19 


0.67 


-0.254 


0.119 


2.085 


0.072 


0.629 


213.2 


RGB 


NGC362-017 


15.69619 


-70.83124 


18.19 


0.67 


-0.314 


0.124 


1.985 


0.075 


0.569 


226.5 


RGB 


NGC362-018 


15.71288 


-70.81831 


18.25 


0.66 


-0.258 


0.118 


1.943 


0.073 


0.626 


211.9 


RGB 


NGC362-019 


15.71934 


-70.83878 


18.26 


0.65 


-0.187 


0.124 


1.897 


0.075 


0.697 


207.4 


RGB 


NGC362-020 


15.72946 


-70.88968 


18.27 


0.66 


-0.763 


0.114 


2.021 


0.075 


0.121 


208.2 


RGB 


NGC362-021 


15.71244 


-70.86155 


18.30 


0.60 


-0.642 


0.106 


1.849 


0.070 


0.242 


219.7 


SOB 


NGC362-022 


15.68541 


-70.86013 


18.30 


0.61 


-0.791 


0.110 


2.003 


0.074 


0.093 


215.6 


SOB 


NGC362-023 


15.61372 


-70.88400 


18.31 


0.58 


-0.851 


0.111 


2.026 


0.073 


0.033 


218.4 


SOB 


NGC362-024 


15.66226 


-70.79932 


18.32 


0.53 


-0.723 


0.108 


1.773 


0.071 


0.161 


235.4 


SOB 


NGC362-025 


15.61367 


-70.81248 


18.33 


0.57 


-0.369 


0.110 


1.817 


0.070 


0.515 


224.2 


SOB 


NGC362-026 


15.69106 


-70.88836 


18.34 


0.52 


-0.756 


0.109 


1.793 


0.073 


0.128 


208.3 


SGB 


NGC362-027 


15.65406 


-70.82763 


18.34 


0.55 


-0.751 


0.112 


1.875 


0.072 


0.133 


219.3 


SOB 


NGC362-028 


15.64568 


-70.80231 


18.35 


0.54 


-0.829 


0.110 


1.887 


0.072 


0.056 


217.7 


SGB 


NGC362-029 


15.60575 


-70.83384 


18.36 


0.54 


-0.519 


0.109 


1.799 


0.069 


0.366 


225.4 


SGB 


NGC362-030 


15.68082 


-70.82403 


18.37 


0.54 


-0.637 


0.111 


1.704 


0.071 


0.247 


218.2 


SGB 


NGC362-031 


15.64068 


-70.89159 


18.37 


0.51 


-0.558 


0.107 


1.773 


0.070 


0.326 


212.9 


SGB 


NGC362-032 


15.73449 


-70.81566 


18.38 


0.53 


-0.768 


0.113 


1.762 


0.074 


0.117 


215.3 


SGB 


NGC362-033 


15.70773 


-70.85012 


18.38 


0.50 


-0.705 


0.111 


1.796 


0.072 


0.180 


231.0 


SGB 


NGC362-034 


15.71192 


-70.82009 


18.39 


0.51 


-0.555 


0.110 


1.733 


0.073 


0.330 


204.2 


SGB 


NGC362-035 


15.63085 


-70.88231 


18.39 


0.48 


-0.756 


0.115 


1.739 


0.075 


0.129 


210.1 


SGB 


NGC362-036 


15.59876 


-70.80515 


18.40 


0.52 


-0.669 


0.108 


1.742 


0.071 


0.216 


230.2 


SGB 


NGC362-037 


15.69928 


-70.84210 


18.40 


0.60 


-0.592 


0.112 


1.871 


0.073 


0.292 


227.2 


SGB 


NGC362-038 


15.62638 


-70.84452 


18.40 


0.51 


-0.733 


0.116 


1.695 


0.071 


0.152 


218.4 


SGB 


NGC362-039 


15.63059 


-70.80403 


18.41 


0.50 


-0.694 


0.112 


1.762 


0.072 


0.191 


225.9 


SGB 


NGC362-040 


15.68510 


-70.87556 


18.41 


0.51 


-0.608 


0.112 


1.724 


0.074 


0.277 


207.1 


SGB 


NGC362-041 


15.68500 


-70.86633 


18.42 


0.51 


-0.674 


0.106 


1.660 


0.071 


0.211 


216.9 


SGB 


NGC362-042 


15.65406 


-70.89685 


18.57 


0.50 


-0.683 


0.114 


1.813 


0.076 


0.203 


227.4 


SGB 


NGC362-043 


15.67477 


-70.90345 


18.89 


0.44 


-0.940 


0.173 


1.690 


0.114 


-0.052 


241.3 


MS 


NGC362-044 


15.63644 


-70.84245 


18.89 


0.42 


-0.826 


0.213 


1.708 


0.135 


0.062 


237.4 


MS 


NGC362-045 


15.69096 


-70.85859 


18.90 


0.42 


-0.698 


0.185 


1.617 


0.121 


0.190 


245.7 


MS 


NGC362-046 


15.65185 


-70.80303 


18.91 


0.42 


-0.814 


0.216 


1.750 


0.140 


0.074 


256.5 


MS 


NGC362-047 


15.65667 


-70.84093 


18.92 


0.47 


-0.871 


0.194 


1.711 


0.127 


0.017 


256.7 


MS 


NGC362-048 


15.71316 


-70.80703 


18.92 


0.44 


-0.616 


0.189 


1.668 


0.123 


0.272 


266.7 


MS 


NGC362-049 


15.67617 


-70.87918 


18.92 


0.40 


-0.818 


0.192 


1.697 


0.126 


0.070 


244.5 


MS 



Table A.l. continued. 



A. Kayser et al.: CN and CH line strengths in MW GCs, Online Material p 3 



Id 


Qr(2000) 


5(2000) 


V 


B-V 


CN 


dCN 




CH 


dCH 


<5CN 




Type 


NGC362-050 


15.66321 


-70.85285 


18.94 


0.47 


-0.524 


0.209 


1 


.716 


0. 


129 


0.365 


262.5 


MS 


NGC362-051 


15.69220 


-70.83378 


18.97 


0.38 


-0.627 


0.199 


1 


.712 


0. 


128 


0.262 


257.3 


MS 


NGC362-052 


15.67105 


-70.81799 


18.98 


0.42 


-0.639 


0.194 


1 


.684 


0. 


126 


0.250 


254.5 


MS 


NGC362-053 


15.65119 


-70.86436 


19.01 


0.42 


-0.446 


0.185 


1 


.675 


0. 


1 16 


0.443 


262.9 


MS 


NGC362-054 


15.69001 


-70.82183 


19.06 


0.44 


-0.737 


0.237 


1 


.688 


Q 


154 


0.153 


267.7 


MS 


NGC362-()55 


15.69821 


-70.82019 


19.09 


0.45 


-0.695 


0.200 


1 


.651 


0. 


130 


0.195 


265.2 


MS 


NGC362-056 


15.68329 


-70.83914 


19.09 


0.46 


-0.936 


0.223 


1 


.697 


0. 


142 


-0.046 


241.6 


MS 


NGC362-057 


15.64778 


-70.88107 


19.10 


0.41 


-0.534 


0.199 


1 


.704 


0. 


132 


0.356 


230.3 


MS 


NGC362-058 


15.71673 


-70.80912 


19.13 


0.46 


-0.556 


0.199 


1 


.727 


0. 


133 


0.334 


262.6 


MS 


NGC362-()59 


15.68672 


-70.86018 


19.15 


0.40 


-0.690 


0.171 


1 


.736 


0. 


1 13 


0.200 


258.5 


MS 


NGC362-()6() 


15.63856 


-70.84953 


19.20 


0.44 


-0.684 


0.226 


1 


.639 


0. 


142 


0.207 


266.8 


MS 


NGC362-()61 


15.70660 


-70.84726 


19.22 


0.49 


-0.677 


0.256 


1 


.828 


0. 


161 


0.214 


255.5 


MS 


NGC362-()62 


15.67827 


-70.82522 


19.22 


0.45 


-0.650 


0.216 


1 


.573 


Q 


137 


0.241 


239.5 


MS 


NGC362-()63 


15.61550 


-70.87506 


19.23 


0.42 


-0.576 


0.226 


1 


.731 


0. 


143 


0.315 


234.0 


MS 


NGC362-()64 


15.67394 


-70.89766 


19.25 


0.44 


-0.706 


0.209 


1 


.701 


0. 


139 


0.185 


236.6 


MS 


NGC362-()65 


15.67702 


-70.88194 


19.26 


0.42 


-0.661 


0.235 


1 


.693 


Q 


151 


0.230 


256.5 


MS 


NGC362-()66 


15.66786 


-70.80237 


19.26 


0.46 


-0.697 


0.228 


1 


.658 


0. 


147 


0.194 


262.3 


MS 


NGC362-067 


15.68542 


-70.87747 


19.33 


0.45 


-0.792 


0.279 


1 


.804 


0. 


174 


0.099 


229.7 


MS 


NGC362-068 


15.70748 


-70.82939 


19.34 


0.43 


-0.650 


0.223 


1 


.668 


Q 


146 


0.242 


257.1 


MS 


NGC362-069 


15.64197 


-70.88671 


19.37 


0.41 


-0.642 


0.228 


1 


.810 


0. 


,153 


0.250 


239.1 


MS 


NGC362-070 


15.66107 


-70.89398 


19.37 


0.47 


-0.654 


0.215 


1 


.696 


0. 


140 


0.238 


241.7 


MS 


NGC362-071 


15.71891 


-70.81242 


19.43 


0.46 


-0.735 


0.280 


1 


.656 


0. 


183 


0.157 


260.8 


MS 


NGC362-072 


15.62668 


-70.88534 


19.44 


0.42 


-0.789 


0.235 


1 


.735 


0. 


155 


0.103 


225.4 


MS 


NGC362-073 


15.64042 


-70.85121 


19.44 


0.47 


-0.687 


0.257 


1 


.888 


0. 


167 


0.205 


258.1 


MS 


NGC362-074 


15.62644 


-70.89608 


19.52 


0.45 


-0.800 


0.276 


1 


.706 


0. 


172 


0.093 


233.7 


MS 


NGC362-075 


15.67252 


-70.79427 


19.57 


0.46 


-0.689 


0.270 


1 


.618 


0. 


181 


0.204 


266.7 


MS 


NGC362-076 


15.68330 


-70.81533 


19.62 


0.47 


-0.663 


0.274 


1 


.806 


0. 


186 


0.231 


261.0 


MS 


NGC362-077 


15.65887 


-70.89216 


19.84 


0.49 


-0.712 


0.297 


1 


.671 


0. 


185 


0.183 


213.9 


MS 



NfiC5286-001 


206 54955 


-51 42272 


16.77 


1.08 


-0.051 


0.099 


2.047 


0.057 


0.741 


90.0 


RGB 


NGC5286-002 


206 54435 


-51 40362 


16.91 


1.07 


0.002 


0.104 


2.183 


0.059 


0.796 


84.1 


RGB 


NGC5286-003 


206 53143 


-51 40539 


17.83 


0.97 


-0.085 


0.144 


1.884 


0.083 


0.724 


88.7 


RGB 


NGC5286-004 


206 561 19 


-51.42629 


17.96 


1.03 


-0.549 


0.150 


2.049 


0.096 


0.262 


86.2 


RGB 


NGC5286-005 


206 56752 


-51.42112 


18.05 


0.96 


-0.810 


0.152 


2.141 


0.096 


0.002 


73.4 


RGB 


NGC5286-006 


206 53137 


-51 39231 


18.35 


0.94 


-0.223 


0.172 


1.830 


0.102 


0.594 


80.4 


RGB 


NGr5286-007 


206 54788 


-51 36254 


19.01 


0.86 


-0.953 


0.216 


2.071 


0.139 


-0.126 


102.1 


SOB 


NGC5286-008 


206.53696 


-51.33876 


19.03 


0.83 


-0.612 


0.209 


1.854 


0.133 


0.216 


105.6 


SOB 


NGC5286-009 


206.55163 


-51.39615 


19.71 


0.68 


-0.802 


0.216 


1.598 


0.141 


0.036 


86.4 


SOB 


NGC5286-010 


206.53925 


-51.34506 


19.74 


0.79 


-0.395 


0.298 


1.952 


0.190 


0.444 


99.5 


SOB 


M22-001 


279.02891 


-23.91745 


15.28 


0.79 


-0.187 


0.066 


2.316 


0.035 


0.483 


-125.7 


RGB 


M22-002 


279.04091 


-23.91550 


16.20 


0.80 


0.096 


0.100 


1.984 


0.052 


0.802 


-147.9 


RGB 


M22-003 


279.05050 


-23.92792 


16.32 


0.77 


-0.459 


0.100 


1.908 


0.054 


0.252 


-141.3 


RGB 


M22-004 


279.05276 


-23.92067 


16.33 


0.79 


-0.589 


0.099 


1.961 


0.056 


0.122 


-132.7 


RGB 


M22-005 


279.05760 


-23.88352 


16.38 


0.84 


0.199 


0.098 


1.949 


0.051 


0.913 


-136.2 


RGB 


M22-006 


279.04857 


-23.87365 


16.38 


0.83 


-0.536 


0.100 


1.888 


0.055 


0.177 


-125.1 


RGB 


M22-007 


279.03108 


-23.90537 


16.46 


0.78 


-0.509 


0.096 


1.953 


0.053 


0.208 


-137.8 


RGB 


M22-008 


279.05745 


-23.87208 


16.49 


0.79 


-0.341 


0.114 


1.803 


0.059 


0.377 


-136.6 


RGB 


M22-009 


279.03129 


-23.94113 


16.58 


0.76 


-0.636 


0.105 


1.823 


0.058 


0.085 


-133.7 


RGB 


M22-010 


279.03517 


-23.85592 


16.64 


0.80 


-0.780 


0.095 


1.947 


0.054 


-0.056 


-118.1 


RGB 


M22-011 


279.06252 


-23.89160 


16.67 


0.81 


-0.119 


0.122 


1.724 


0.063 


0.606 


-127.0 


RGB 


M22-012 


279.06206 


-23.84654 


16.68 


0.81 


-0.263 


0.133 


1.838 


0.068 


0.463 


-140.9 


RGB 


M22-013 


279.05838 


-23.85886 


16.68 


0.80 


-0.518 


0.111 


1.758 


0.061 


0.207 


-127.3 


RGB 


M22-014 


279.04689 


-23.86696 


16.71 


0.83 


-0.083 


0.136 


2.046 


0.070 


0.644 


-133.4 


RGB 


M22-015 


279.04205 


-23.91396 


16.71 


0.70 


-0.377 


0.104 


1.692 


0.057 


0.349 


-129.8 


SGB 


M22-016 


279.06023 


-23.90403 


16.76 


0.72 


-0.548 


0.104 


1.789 


0.059 


0.181 


-121.9 


SGB 


M22-017 


279.03037 


-23.90847 


16.79 


0.80 


-0.663 


0.095 


1.697 


0.056 


0.067 


-107.0 


RGB 


M22-018 


279.02381 


-23.88081 


16.82 


0.74 


-0.496 


0.106 


1.735 


0.059 


0.234 


-133.3 


SGB 


M22-019 


279.04432 


-23.89746 


16.82 


0.69 


-0.464 


0.101 


1.721 


0.057 


0.267 


-118.9 


SGB 


M22-020 


279.03952 


-23.85198 


16.82 


0.77 


-0.631 


0.113 


1.855 


0.062 


0.100 


-124.2 


RGB 


M22-021 


279.05528 


-23.89469 


16.86 


0.71 


-0.684 


0.095 


1.715 


0.056 


0.048 


-137.8 


SGB 


M22-022 


279.04354 


-23.92439 


16.89 


0.70 


-0.549 


0.106 


1.850 


0.061 


0.185 


-135.0 


SGB 


M22-023 


279.04756 


-23.89345 


16.93 


0.76 


-0.191 


0.148 


2.017 


0.078 


0.545 


-130.1 


SGB 


M22-024 


279.04237 


-23.95182 


16.93 


0.67 


-0.530 


0.101 


1.807 


0.058 


0.206 


-129.8 


SGB 


M22-025 


279.04546 


-23.94727 


16.96 


0.73 


-0.195 


0.112 


1.947 


0.062 


0.541 


-133.8 


SGB 


M22-026 


279.06095 


-23.85099 


16.96 


0.71 


-0.453 


0.140 


1.644 


0.074 


0.283 


-124.5 


SGB 


M22-027 


279.06098 


-23.89917 


16.97 


0.68 


-0.491 


0.104 


1.662 


0.060 


0.246 


-102.2 


SGB 


M22-028 


279.04295 


-23.89064 


16.97 


0.74 


-0.267 


0.126 


1.799 


0.068 


0.470 


-135.2 


SGB 


M22-029 


279.03779 


-23.88544 


16.99 


0.66 


-0.461 


0.114 


1.747 


0.065 


0.277 


-134.6 


SGB 


M22-030 


279.05715 


-23.86118 


17.01 


0.63 


-0.615 


0.115 


1.735 


0.066 


0.123 


-110.5 


SGB 


M22-031 


279.05047 


-23.85347 


17.03 


0.68 


-0.560 


0.118 


1.695 


0.066 


0.179 


-116.0 


SGB 


M22-032 


279.06222 


-23.87841 


17.05 


0.75 


-0.395 


0.141 


1.641 


0.073 


0.345 


-135.0 


SGB 


M22-033 


279.03841 


-23.87661 


17.06 


0.64 


-0.637 


0.115 


1.698 


0.064 


0.103 


-110.5 


SGB 


M22-034 


279.04397 


-23.95963 


17.10 


0.61 


-0.667 


0.099 


1.619 


0.060 


0.075 


-129.7 


SGB 


M22-035 


279.05138 


-23.90741 


17.10 


0.63 


-0.630 


0.109 


1.648 


0.062 


0.112 


-114.0 


SGB 
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Id 


a(2000) 


(5(2000) 


V 


B-V 


CN 


dCN 


CH 


dCH 


i5CN 




Type 


M22-036 


279.04397 


-23.95963 


17.10 


0.61 


-0.667 


0.099 


1.619 


0.060 


0.075 


-129.7 


SGB 


M22-037 


279.03706 


-23.90174 


17.11 


0.64 


-0.752 


0.128 


1.559 


0.072 


-0.010 


-128.6 


SGB 


M22-038 


279.05045 


-23.95082 


17.11 


0.61 


-0.570 


0.100 


1.703 


0.060 


0.172 


-132.8 


SGB 


M22-039 


279.03991 


-23.94901 


17.11 


0.66 


-0.512 


0.111 


1.698 


0.063 


0.230 


-136.4 


SGB 


M22-04() 


279.05344 


-23.96111 


17.12 


0.65 


-0.313 


0.119 


1.710 


0.065 


0.430 


-141.9 


SGB 


M22-041 


279.04552 


-23.93060 


ii.n 


0.61 


-0.597 


0.139 


1.683 


0.075 


0.146 


-122.6 


SGB 


M22-042 


279.03936 


-23.92582 


17.17 


0.59 


-0.480 


0.129 


1.692 


0.073 


0.265 


-135.3 


SGB 


M22-043 


279.04863 


-23.86465 


17.20 


0.64 


-0.328 


0.124 


1.669 


0.068 


0.418 


-113.5 


SGB 


M22-044 


279.05992 


-23.84805 


17.21 


0.66 


-0.535 


0.138 


1.667 


0.077 


0.211 


-114.6 


SGB 


M22-045 


279.05043 


-23.88240 


17.21 


0.66 


-0.473 


0.145 


1.724 


0.077 


0.273 


-135.5 


SGB 


M22-046 


279.04350 


-23.91890 


17.22 


0.63 


-0.778 


0.137 


1.771 


0.077 


-0.031 


-139.5 


SGB 


M22-047 


279.06073 


-23.87510 


17.23 


0.63 


-0.495 


0.125 


1.555 


0.071 


0.252 


-130.1 


SGB 


M22-048 


279.04008 


-23.93242 


17.24 


0.64 


-0.554 


0.128 


1.726 


0.071 


0.193 


-129.7 


SGB 


M22-049 


279.05270 


-23.86817 


17.25 


0.65 


-0.581 


0.119 


1.673 


0.067 


0.167 


-112.3 


SGB 


M22-050 


279.03700 


-23.87038 


17.27 


0.68 


-0.535 


0.141 


1.739 


0.077 


0.213 


-116.7 


SGB 


M22-()51 


279.05241 


-23.90052 


17.28 


0.63 


-0.485 


0.129 


1.738 


0.073 


0.264 


-119.2 


SGB 


M22-()52 


279.04862 


-23.93754 


17.29 


0.59 


-0.664 


0.132 


1.665 


0.072 


0.085 


-136.6 


SGB 


M22-()53 


279.04353 


-23.86241 


17.34 


0.64 


-0.476 


0.138 


1.734 


0.077 


0.275 


-123.3 


SGB 


M22-()54 


279.05475 


-23.88720 


17.39 


0.56 


-0.547 


0.126 


1.635 


0.071 


0.207 


-112.6 


SGB 


M22-()55 


279.05890 


-23.87640 


17.51 


0.65 


-0.477 


0.126 


1.599 


0.077 


0.281 


-96.9 


MS 


M22-()56 


279.04447 


-23.92742 


17.55 


0.63 


-0.695 


0.126 


1.631 


0.077 


0.065 


-125.2 


MS 


M22-()57 


279.06106 


-23.85731 


17.57 


0.60 


-0.430 


0.125 


1.601 


0.079 


0.330 


-96.7 


MS 


M22-()58 


279.03079 


-23.92864 


17.57 


0.58 


-0.635 


0.125 


1.640 


0.077 


0.125 


-142.6 


MS 


M22-059 


279.03416 


-23.93864 


17.62 


0.60 


-0.680 


0.137 


1 .608 


0.084 


0.082 


-115.7 


MS 


M22-060 


279.03410 


-23.88717 


17.63 


0.62 


-0.875 


0.118 


1.602 


0.072 


-0.112 


-90.5 


MS 


M22-061 


279.02809 


-23.92253 


17.63 


0.58 


-0.653 


0.143 


1.759 


0.087 


0.110 


-132.6 


MS 


M22-062 


279.04247 


-23.91618 


17.64 


0.57 


-0.566 


0.119 


1.587 


0.071 


0.197 


-121.9 


MS 


M22-063 


279.04189 


-23.96029 


17.65 


0.62 


-0.605 


0.117 


1.708 


0.074 


0.159 


-123.7 


MS 


M22-064 


279.02423 


-23.90893 


17.69 


0.61 


-0.507 


0.134 


1.628 


0.081 


0.258 


-112.8 


MS 


M22-065 


279.03155 


-23.93055 


17.71 


0.56 


-0.653 


0.141 


1.662 


0.088 


0.113 


-124.5 


MS 


M22-066 


279.05005 


-23.90834 


17.86 


0.60 


-0.659 


0.128 


1.343 


0.080 


0.113 


-94.6 


MS 


M22-067 


279.04560 


-23.86954 


17.87 


0.69 


-0.614 


0.149 


1.660 


0.087 


0.159 


-111.2 


MS 


M22-068 


279.04857 


-23.92098 


17.89 


0.64 


-0.623 


0.147 


1.729 


0.088 


0.150 


-98.8 


MS 


M22-069 


279.03686 


-23.89126 


17.90 


0.54 


-0.843 


0.127 


1.603 


0.080 


-0.069 


-105.5 


MS 


M22-070 


279.05969 


-23.86506 


17.91 


0.65 


-0.627 


0.168 


1.564 


0.100 


0.147 


-97.7 


MS 


M22-071 


279.04780 


-23.90671 


17.91 


0.68 


-0.759 


0.153 


1.646 


0.094 


0.015 


-125.5 


MS 


M22-072 


279.03362 


-23.93664 


17.96 


0.60 


-0.555 


0.144 


1.675 


0.087 


0.221 


-117.7 


MS 


M22-073 


279.03367 


-23.93484 


17.98 


0.57 


-0.498 


0.144 


1.596 


0.091 


0.279 


-113.1 


MS 


M22-074 


279.03709 


-23.94155 


17.98 


0.66 


-0.530 


0.076 


1.680 


0.049 


0.247 


-102.7 


MS 


M22-075 


279.05259 


-23.93333 


18.01 


0.62 


-0.448 


0.136 


1.662 


0.083 


0.330 


-124.0 


MS 


M22-076 


279.04092 


-23.87893 


18.04 


0.69 


-0.706 


0.166 


1.823 


0.105 


0.073 


-113.7 


MS 


M22-077 


279.04153 


-23.88500 


18.05 


0.65 


-0.424 


0.155 


1.716 


0.091 


0.355 


-111.9 


MS 


M22-078 


279.05215 


-23.89776 


18.05 


0.67 


-0.736 


0.196 


1.635 


0.119 


0.043 


-124.2 


MS 


M22-079 


279.03621 


-23.92610 


18.06 


0.56 


-0.627 


0.162 


1.603 


0.101 


0.153 


-111.6 


MS 


M22-080 


279.05975 


-23.88213 


18.06 


0.70 


-0.528 


0.143 


1.589 


0.091 


0.252 


-102.4 


MS 


M22-081 


279.04965 


-23.90096 


18.20 


0.65 


-0.855 


0.176 


1.561 


0.110 


-0.069 


-106.3 


MS 


M22-082 


279.05433 


-23.86839 


18.22 


0.66 


-0.603 


0.203 


1.450 


0.116 


0.184 


-128.3 


MS 


M22-083 


279.05075 


-23.85956 


18.23 


0.67 


-0.530 


0.199 


1.628 


0.119 


0.257 


-110.3 


MS 


M22-084 


279.05851 


-23.86318 


18.25 


0.67 


-0.676 


0.211 


1.493 


0.129 


0.111 


-143.0 


MS 


M22-085 


279.05880 


-23.86156 


18.26 


0.69 


-0.387 


0.176 


1.554 


0.109 


0.401 


-102.5 


MS 


M22-086 


279.06292 


-23.87166 


18.37 


0.66 


-0.439 


0.187 


1.710 


0.110 


0.353 


-104.8 


MS 


M22-087 


279.04513 


-23.89536 


18.40 


0.69 


-0.364 


0.201 


1.576 


0.121 


0.429 


-111.9 


MS 


M22-088 


279.03918 


-23.95704 


18.40 


0.66 


-0.445 


0.176 


1.828 


0.111 


0.349 


-122.7 


MS 


M22-089 


279.03175 


-23.91428 


18.43 


0.61 


-0.729 


0.192 


1.672 


0.122 


0.065 


-136.7 


MS 


M22-090 


279.02337 


-23.89604 


18.43 


0.68 


-0.333 


0.206 


1.671 


0.122 


0.461 


-130.3 


MS 


M22-091 


279.05090 


-23.93196 


18.52 


0.66 


-0.687 


0.216 


1.667 


0.130 


0.111 


-115.5 


MS 


M22-092 


279.05259 


-23.85861 


18.54 


0.73 


-0.721 


0.171 


1.658 


0.103 


0.078 


-106.7 


MS 


M22-093 


279.04368 


-23.95893 


18.59 


0.62 


-0.841 


0.187 


1.476 


0.115 


-0.040 


-130.2 


MS 


M22-094 


279.04368 


-23.95893 


18.59 


0.62 


-0.841 


0.187 


1.476 


0.115 


-0.040 


-130.2 


MS 


M22-095 


279.03898 


-23.95518 


18.60 


0.66 


-0.612 


0.137 


1.809 


0.091 


0.189 


-96.8 


MS 


M22-096 


279.05470 


-23.95105 


18.72 


0.70 


-0.453 


0.196 


1.802 


0.123 


0.353 


-141.5 


MS 


M22-097 


279.04649 


-23.88956 


18.73 


0.74 


-0.433 


0.198 


1.739 


0.117 


0.373 


-116.8 


MS 



Ter7-001 


289.40929 


-34.65456 


16.82 


1.22 


0.350 


0.129 


2.425 


0.054 


0.396 


125.9 


RGB 


Ter7-002 


289.43408 


-34.67519 


16.95 


1.19 


0.050 


0.128 


2.366 


0.057 


0.128 


139.2 


RGB 


Ter7-003 


289.44845 


-34.65597 


17.42 


1.08 


0.179 


0.152 


2.412 


0.069 


0.371 


138.5 


RGB 


Ter7-004 


289.44580 


-34.64778 


17.51 


1.10 


0.147 


0.145 


2.399 


0.070 


0.361 


147.0 


RGB 


Ter7-005 


289.41804 


-34.68052 


17.53 


0.98 


-0.265 


0.119 


2.304 


0.065 


-0.046 


138.1 


RGB 


Ter7-006 


289.40815 


-34.63017 


17.81 


0.90 


-0.311 


0.121 


2.279 


0.068 


-0.025 


132.3 


HB 


Ter7-007 


289.41169 


-34.66350 


17.81 


0.88 


-0.157 


0.126 


2.265 


0.070 


0.130 


134.9 


HB 


Ter7-008 


289.45129 


-34.67602 


17.85 


1.07 


-0.024 


0.163 


2.327 


0.083 


0.274 


124.5 


RGB 


Ter7-009 


289.44594 


-34.68272 


17.88 


1.02 


0.051 


0.159 


2.377 


0.082 


0.356 


129.9 


RGB 


Ter7-010 


289.41642 


-34.66780 


18.05 


1.05 


-0.198 


0.164 


2.459 


0.087 


0.148 


130.3 


RGB 


Ter7-011 


289.42025 


-34.65818 


18.06 


1.00 


-0.306 


0.163 


2.391 


0.085 


0.042 


136.7 


RGB 


Ter7-012 


289.45472 


-34.60692 


18.18 


0.99 


0.066 


0.168 


2.366 


0.087 


0.444 


123.0 


RGB 



Table A.l. continued. 



A. Kayser et al.: CN and CH line strengths in MW GCs, Online Material p 5 



Id 


a(2000) 


5(2000) 


V 


B-V 


CN 


dCN 


CH 


dCH 


<5CN 


Vmd 


Type 


Ter7-013 


289.43835 


-34.69527 


18.27 


0.95 


-0.140 


0.191 


2.286 


0.096 


0.261 


121.4 


RGB 


Ter7-014 


289.44562 


-34.65256 


18.30 


0.97 


-0.119 


0.178 


2418 


0.095 


0.287 


133.4 


RGB 


Ter7-015 


289.44512 


-34.67927 


18.34 


1.03 


-0.068 


0.187 


2.301 


0.099 


0.348 


127.9 


RGB 


Ter7-016 


289.42479 


-34.66234 


18.43 


0.89 


-0.426 


0.170 


2.343 


0.095 


0.011 


143.2 


RGB 


Ter7-017 


289.41509 


-34.64859 


18.71 


0.95 


-0.275 


0.212 


2.366 


0.111 


0.233 


139.2 


RGB 


Ter7-018 


289.43972 


-34.64429 


18.90 


0.88 


-0.558 


0.218 


2.357 


0.119 


-0.005 


131.9 


RGB 


Ter7-019 


289.43300 


-34.64258 


18.93 


0.93 


-0.135 


0.215 


2.322 


0.120 


0.426 


147.2 


RGB 


Ter7-020 


289.39695 


-34.61736 


19.04 


0.91 


-0.347 


0.215 


2.437 


0.126 


0.241 


141.3 


RGB 


Ter7-021 


289.41505 


-34.66078 


19.23 


0.88 


-0.435 


0.250 


2.379 


0.140 


0.199 


138.7 


RGB 


Ter7-022 


289.43115 


-34.65116 


19.34 


0.86 


-0.263 


0.243 


2.293 


0.142 


0.397 


146.5 


RGB 


Ter7-023 


289.42779 


-34.65015 


19.83 


0.84 


-0.640 


0.308 


2.296 


0.184 


0.140 


135.2 


RGB 


Ter7-024 


289.40900 


-34.69272 


20.18 


0.80 


-0.597 


0.345 


2.378 


0.205 


0.268 


156.9 


SGB 


Ter7-025 


289.40196 


-34.62030 


20.24 


0.83 


-0.714 


0.335 


2.274 


0.211 


0.165 


160.5 


SGB 


Ter7-026 


289.42344 


-34.64369 


20.35 


0.84 


-0.576 


0.386 


2.215 


0.236 


0.332 


174.4 


SGB 


Ter7-027 


289.42625 


-34.63302 


20.40 


0.76 


-0.536 


0.345 


2.328 


0.217 


0.383 


160.5 


SGB 


Ter7-028 


289.40478 


-34.67403 


20.42 


0.65 


-0.413 


0.313 


2.024 


0.202 


0.510 


178.4 


SGB 


Ter7-029 


289.40421 


-34.67166 


20.42 


0.64 


-0.756 


0.297 


2.055 


0.195 


0.167 


165.4 


SGB 


Ter7-030 


289.43229 


-34.64281 


20.44 


0.69 


-0.707 


0.371 


2.157 


0.229 


0.223 


161.0 


SGB 


Ter7-031 


289.42343 


-34.69758 


20.45 


0.55 


-0.699 


0.303 


1.921 


0.201 


0.232 


161.0 


SGB 


Ter7-032 


289.44575 


-34.62801 


20.46 


0.57 


-0.819 


0.278 


1.806 


0.190 


0.114 


136.5 


SGB 


Ter7-033 


289.40126 


-34.63623 


20.48 


0.73 


-0.842 


0.347 


2.349 


0.221 


0.098 


159.6 


SGB 


Ter7-034 


289.40368 


-34.63776 


20.49 


0.56 


-0.786 


0.279 


1.887 


0.192 


0.157 


159.4 


SGB 


Ter7-035 


289.45130 


-34.70464 


20.49 


0.52 


-0.930 


0.289 


2.106 


0.198 


0.012 


160.2 


SGB 


Ter7-036 


289.41663 


-34.62640 


20.52 


0.56 


-0.846 


0.284 


1.848 


0.185 


0.102 


162.7 


SGB 


Ter7-()37 


289.43176 


-34.62916 


20.52 


0.53 


-0.816 


0.282 


1.918 


0.189 


0.132 


179.1 


SGB 


Ter7-()38 


289.42994 


-34.66954 


20.52 


0.56 


-0.626 


0.301 


1.875 


0.201 


0.323 


160.7 


SGB 


Ter7-039 


289.43507 


-34.68520 


20.52 


0.53 


-0.911 


0.288 


1.789 


0.191 


0.037 


149.0 


SGB 


Ter7-040 


289.43759 


-34.66819 


20.53 


0.54 


-0.834 


0.303 


1.669 


0.194 


0.119 


151.0 


SGB 


Ter7-041 


289.45039 


-34.63995 


20.53 


0.48 


-0.606 


0.277 


1.748 


0.184 


0.344 


176.0 


SGB 


Ter7-042 


289.43982 


-34.67093 


20.54 


0.55 


-0.903 


0.293 


1.740 


0.197 


0.051 


149.5 


SGB 


Ter7-043 


289.43235 


-34.64992 


20.55 


0.55 


-0.944 


0.296 


1.898 


0.197 


0.011 


177.9 


SGB 


Ter7-044 


289.44499 


-34.67294 


20.55 


0.53 


-0.953 


0.311 


1.747 


0.205 


0.003 


148.0 


SGB 


Ter7-045 


289.42663 


-34.65049 


20.56 


0.57 


-0.877 


0.327 


1.773 


0.217 


0.081 


164.0 


SGB 


Ter7-046 


289.43079 


-34.64511 


20.57 


0.53 


-0.607 


0.293 


1.812 


0.199 


0.354 


175.9 


SGB 


Ter7-047 


289.45466 


-34.62447 


20.58 


0.58 


-0.578 


0.316 


1.879 


0.201 


0.386 


164.1 


SGB 



M15-001 


322.52784 


12.19498 


17.17 


0.72 


-0.459 


0.093 


1.695 


0.057 


0.278 


-128.5 


RGB 


M15-002 


322.56545 


12.21040 


17.51 


0.71 


-0.553 


0.105 


1.659 


0.066 


0.188 


-128.7 


RGB 


M15-003 


322.53617 


12.13113 


17.52 


0.67 


-0.598 


0.097 


1.751 


0.064 


0.143 


-98.6 


RGB 


M15-004 


322.53279 


12.18582 


17.55 


0.71 


-0.718 


0.111 


1.740 


0.070 


0.023 


-111.0 


RGB 


M15-005 


322.54196 


12.15207 


17.61 


0.67 


-0.670 


0.113 


1.729 


0.072 


0.072 


-107.7 


RGB 


M15-006 


322.53398 


12.11966 


17.72 


0.68 


-0.658 


0.110 


1.866 


0.072 


0.085 


-97.5 


RGB 


M15-007 


322.53916 


12.11189 


17.81 


0.68 


-0.669 


0.115 


1.819 


0.075 


0.075 


-112.6 


RGB 


M15-008 


322.55596 


12.14574 


17.82 


0.72 


0.406 


0.135 


2.226 


0.082 


1.150 


-113.8 


RGB 


M15-009 


322.51785 


12.20575 


17.86 


0.68 


-0.763 


0.119 


1.796 


0.077 


-0.018 


-116.4 


RGB 


M15-010 


322.51622 


12.11409 


17.88 


0.67 


-0.637 


0.115 


1.779 


0.075 


0.108 


-94.8 


RGB 


M15-011 


322.53050 


12.15494 


17.91 


0.67 


-0.667 


0.120 


1.679 


0.077 


0.078 


-119.5 


RGB 


M15-012 


322.55420 


12.16274 


17.96 


0.69 


-0.530 


0.132 


1.679 


0.084 


0.216 


-128.7 


RGB 


M15-013 


322.53932 


12.19168 


17.97 


0.68 


-0.689 


0.130 


1.757 


0.083 


0.057 


-105.5 


RGB 


M15-014 


322.55938 


12.13849 


18.08 


0.64 


-0.680 


0.124 


1.729 


0.082 


0.067 


-114.4 


RGB 


M15-015 


322.52163 


12.20011 


18.14 


0.66 


-0.288 


0.148 


1.777 


0.093 


0.460 


-114.9 


RGB 


M15-016 


322.52709 


12.18998 


18.18 


0.66 


-0.732 


0.136 


1.704 


0.086 


0.016 


-123.2 


RGB 


M15-017 


322.55024 


12.17514 


18.24 


0.67 


-0.571 


0.145 


1.662 


0.093 


0.178 


-119.2 


RGB 


M15-018 


322.53782 


12.18791 


18.26 


0.67 


-0.697 


0.143 


1.718 


0.091 


0.052 


-116.4 


RGB 


M15-019 


322.54437 


12.21514 


18.33 


0.63 


-0.484 


0.144 


1.648 


0.093 


0.266 


-128.0 


RGB 


M15-020 


322.53777 


12.11650 


18.40 


0.59 


-0.600 


0.142 


1.644 


0.093 


0.150 


-105.4 


SGB 


M15-021 


322.53631 


12.13532 


18.46 


0.58 


-0.463 


0.144 


1.670 


0.095 


0.288 


-114.3 


SGB 


M15-022 


322.53770 


12.14231 


18.51 


0.56 


-0.473 


0.145 


1.543 


0.095 


0.279 


-117.4 


SGB 


M15-023 


322.54808 


12.19635 


18.52 


0.58 


-0.587 


0.157 


1.661 


0.101 


0.165 


-112.1 


SGB 


M15-024 


322.54320 


12.20758 


18.53 


0.55 


-0.487 


0.149 


1.578 


0.099 


0.265 


-126.0 


SGB 


M15-025 


322.56614 


12.18396 


18.54 


0.60 


-0.518 


0.164 


1.641 


0.105 


0.234 


-121.7 


SGB 


M15-026 


322.54833 


12.16928 


18.54 


0.60 


-0.659 


0.163 


1.622 


0.106 


0.093 


-97.2 


SGB 


M15-027 


322.54058 


12.12169 


18.55 


0.55 


-0.646 


0.149 


1.646 


0.097 


0.106 


-100.9 


SGB 


M15-028 


322.51466 


12.12566 


18.56 


0.55 


-0.673 


0.145 


1.653 


0.096 


0.079 


-100.8 


SGB 


M15-029 


322.54464 


12.18175 


18.59 


0.57 


-0.692 


0.163 


1.524 


0.104 


0.060 


-109.1 


SGB 


M15-030 


322.54177 


12.21635 


18.60 


0.56 


-0.584 


0.151 


1.547 


0.099 


0.169 


-113.3 


SGB 


M15-031 


322.54845 


12.18311 


18.63 


0.57 


-0.671 


0.164 


1.609 


0.103 


0.082 


-112.8 


SGB 


M15-032 


322.55170 


12.12845 


18.64 


0.50 


-0.560 


0.149 


1.541 


0.098 


0.193 


-105.3 


SGB 


M15-033 


322.53302 


12.15669 


18.66 


0.54 


-0.543 


0.153 


1.559 


0.101 


0.210 


-93.1 


SGB 


M15-034 


322.54343 


12.14858 


18.67 


0.54 


-0.717 


0.165 


1.655 


0.107 


0.036 


-104.5 


SGB 


M15-035 


322.55392 


12.19383 


18.69 


0.58 


-0.692 


0.167 


1.633 


0.110 


0.061 


-118.2 


SGB 


M15-036 


322.52440 


12.14973 


18.70 


0.50 


-0.776 


0.147 


1.747 


0.093 


-0.022 


-104.3 


SGB 


M15-037 


322.54778 


12.20403 


18.73 


0.53 


-0.501 


0.160 


1.625 


0.108 


0.253 


-99.5 


SGB 


M15-038 


322.55914 


12.17986 


18.73 


0.55 


-0.523 


0.166 


1.551 


0.108 


0.231 


-95.7 


SGB 


M15-039 


322.52602 


12.20912 


18.74 


0.53 


-0.463 


0.166 


1.488 


0.106 


0.291 


-109.6 


SGB 



Table A.l. continued. 



A. Kayser et al.: CN and CH line strengths in MW GCs, Online Material p 6 



Id 


Q'(2000) 


5(2000) 


V 


B-V 


CN 


dCN 


CH 


dCH 


i5CN 


Vmd 


Type 


M15-040 


322.52675 


12.15351 


18.74 


0.55 


-0.812 


0.162 


1.636 


0.106 


-0.058 


-108.0 


SGB 


M15-041 


322.52690 


12.22016 


18.75 


0.49 


-0.568 


0.159 


1.542 


0.102 


0.186 


-98.4 


SGB 


M15-042 


322.54846 


12.16648 


18.77 


0.53 


-0.569 


0.176 


1.606 


0.113 


0.185 


-105.8 


SGB 


M15-043 


322.53786 


12.17810 


18.77 


0.54 


-0.711 


0.169 


1.562 


0.112 


0.044 


-94.2 


SGB 


M15-044 


322.53134 


12.14044 


18.81 


0.45 


-0.751 


0.161 


1.664 


0.107 


0.004 


-96.5 


MS 


M15-045 


322.55098 


12.12310 


18.93 


0.46 


-0.636 


0.168 


1.551 


0.112 


0.120 


-95.2 


MS 


M15-046 


322.53416 


12.22428 


19.03 


0.47 


-0.789 


0.187 


1.598 


0.121 


-0.032 


-112.1 


MS 


M15-047 


322.54493 


12.13650 


19.11 


0.44 


-0.758 


0.179 


1.583 


0.119 


0.000 


-98.4 


MS 


M15-048 


322.56599 


12.17154 


19.14 


0.50 


-0.604 


0.201 


1.522 


0.129 


0.154 


-104.0 


MS 


M15-049 


322.54341 


12.22215 


19.16 


0.40 


-0.551 


0.192 


1.522 


0.122 


0.207 


-97.7 


MS 


M15-U5U 


322.56476 


12.21860 


19.18 


0.49 


-0.487 


0.198 


1.566 


0.126 


0.272 


-123.3 


MS 


M15-051 


322.53418 


12.11048 


19.19 


0.44 


-0.680 


0.186 


1.575 


0.124 


0.079 


-87.8 


MS 


M15-052 


322.51745 


12.13259 


19.22 


0.44 


-0.536 


0.197 


1.607 


0.127 


0.223 


-96.2 


MS 


M15-053 


322.54789 


12.11769 


19.27 


0.43 


-0.590 


0.185 


1.569 


0.126 


0.170 


-89.0 


MS 


M15-054 


322.55332 


12.19854 


19.28 


0.47 


-0.612 


0.207 


1.602 


0.138 


0.148 


-111.4 


MS 


M15-055 


322.55024 


12.12708 


19.30 


0.43 


-0.735 


0.206 


1.499 


0.134 


0.025 


-88.1 


MS 


M15-056 


322.55543 


12.10858 


19.34 


0.45 


-0.560 


0.217 


1.559 


0.134 


0.200 


-92.5 


MS 


M15-057 


322.55270 


12.20177 


19.51 


0.45 


-0.780 


0.236 


1.606 


0.153 


-0.018 


-108.5 


MS 


PaI12-001 


326.66154 


-21.24816 


16.21 


0.90 


-0.197 


0.100 


2.273 


0.052 


0.227 


-5.7 


RGB 


Pal 12-002 


326.66939 


-21.23127 


16.61 


0.88 


0.151 


0.105 


2.509 


0.057 


0.627 


8.5 


RGB 


PaI12-003 


326.65155 


-21.24316 


16.88 


0.79 


-0.578 


0.108 


2.208 


0.062 


-0.068 


14.0 


HE 


PaI12-004 


326.67071 


-21.25261 


16.92 


0.75 


-0.442 


0.094 


2.121 


0.056 


0.073 


18.5 


HB 


PaI12-005 


326.67863 


-21.26354 


16.97 


0.74 


-0.567 


0.095 


2.068 


0.058 


-0.045 


17.5 


HB 


PaI12-006 


326.65697 


-21.24051 


17.01 


0.74 


-0.403 


0.101 


2.121 


0.059 


0.123 


7.6 


HB 


Pal 12-007 


326.65288 


-21.22877 


17.02 


0.75 


-0.540 


0.114 


2.178 


0.064 


-0.012 


1.2 


HB 


Pal 12-008 


326.65937 


-21.20296 


17.12 


0.90 


-0.283 


0.127 


2.347 


0.069 


0.258 


-3.2 


RGB 


Pall2-009 


326.65128 


-21.25646 


17.15 


0.91 


-0.363 


0.125 


2.383 


0.069 


0.182 


17.7 


RGB 


Pall2-010 


326.64049 


-21.22997 


17.16 


0.90 


-0.270 


0.129 


2.332 


0.070 


0.276 


13.7 


RGB 


Pall2-011 


326.64705 


-21.25434 


17.49 


0.87 


-0.461 


0.148 


2.407 


0.083 


0.127 


24.6 


RGB 


Pall2-012 


326.65240 


-21.25516 


17.56 


0.86 


-0.180 


0.152 


2.361 


0.086 


0.417 


26.7 


RGB 


Pall2-013 


326.64743 


-21.24233 


17.94 


0.83 


-0.655 


0.174 


2.288 


0.098 


-0.009 


23.8 


RGB 


Pall2-014 


326.63603 


-21.20655 


18.23 


0.79 


-0.387 


0.185 


2.398 


0.108 


0.296 


-3.9 


RGB 


Pall2-015 


326.65325 


-21.29261 


18.50 


0.75 


-0.302 


0.192 


2.315 


0.117 


0.415 


26.1 


RGB 


Pall2-016 


326.67134 


-21.23422 


18.67 


0.76 


-0.542 


0.239 


2.277 


0.142 


0.196 


2.1 


RGB 


Pall2-017 


326.65305 


-21.19291 


18.70 


0.75 


-0.708 


0.231 


2.343 


0.141 


0.034 


5.2 


RGB 


Pall2-018 


326.64222 


-21.29505 


18.72 


0.93 


-0.225 


0.307 


2.367 


0.146 


0.520 


-4.6 


RGB 


Pall2-019 


326.65428 


-21.23765 


18.84 


0.76 


-0.548 


0.261 


2.335 


0.158 


0.213 


-1.1 


RGB 


Pall2-020 


326.68273 


-21.26678 


19.00 


0.75 


-0.764 


0.279 


2.357 


0.171 


0.018 


17.1 


RGB 


Pall2-021 


326.65948 


-21.26204 


19.05 


0.72 


-0.467 


0.275 


2.209 


0.160 


0.320 


16.7 


RGB 


Pall2-022 


326.65316 


-21.22022 


19.71 


0.57 


-0.721 


0.308 


2.045 


0.197 


0.151 


-5.9 


SGB 


Pall2-023 


326.63146 


-21.27247 


20.10 


0.41 


-0.524 


0.326 


1.815 


0.211 


0.398 


16.7 


SGB 


Pall2-024 


326.63589 


-21.27544 


20.43 


0.39 


-0.712 


0.373 


1.829 


0.234 


0.251 


44.1 


MS 


Pall2-025 


326.65113 


-21.27800 


20.72 


0.36 


-0.846 


0.395 


1.659 


0.265 


0.154 


32.6 


MS 



